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644 Hydraulic model studies were conducted eleven the dams for the 


Muskingum Water-Shed Project, north Zanesville, Ohio. This paper 
describes the laboratory facilities used the tests, and the more important 
features model fabrication, operation, and test procedure. The time and 
personnel required, and the cost doing the work are given. effort 
made present picture the physical equipment and organization required, 
and also the cost securing results well defined, although not neces- 
sarily typical, program model studies. believed that such material, 
distinct from technical findings alone, has not formerly been made avail- 
able the extent desired the profession. Thus, more discussion devoted 
the manner which the work was done, than detailed analysis the 
test measurements. However, certain selected test observations special 
importance, which are considered general interest well, are 
presented herein. 
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each the eleven studies, working model simulating the outlet 
works, spillway, other features governing hydraulic performance, was con- 
structed from preliminary drawings the dam. The purpose all 
tests was: (1) observe and record the behavior the model, built 
accordance with the preliminary design; (2) determine revisions necessary 
desirable for optimum performance; and (8) revise the model com- 
plete substantial agreement with the final design and make complete 
record tests under the full range flow conditions anticipated for the 
prototype. 


this paper will closed April, 1937, Proceedings. 


Hydr. and San. Eng., and Head, Dept. Civ. Eng., Case School Applied 
Science; Cons. Engr., Cleveland, Ohio. 


Associate Engr., Los Angeles Office, Engr. Dept., Los Angeles, Calif. 


1502 MUSKINGUM WATER-SHED PROJECT Papers 


The laboratory personnel was given the relation between tail-water stage 
and discharge each site, based upon channel studies. certain cases, 
where considerable variation stage might expected given discharge, 
the best performance was demanded only for most frequent operating condi- 
tions, good performance for less frequent circumstances, and safe operation 
under circumstances likely occur only rare intervals. Adequate dis- 
charge capacity and safety were first importance. 

The models were constructed with surfaces contact with the water 
(except non-essential detail) similar the proposed structure. The models 
were not distorted, and were built the same vertical and horizontal scale, 
varying from 1:20 1:40. Each model included some all the follow- 
ing elements: (a) Reservoir approach topography the control works; 
(b) intake tower and gates; (c) outlet conduits tunnels; (d) stilling- 
basin; (e) outlet channel; and (f) spillway. 

The laboratory studies extended from August 1934, June 20, 
1935. They began immediately after the preparation the official “Plan 
Flood Control and Water Conservation Reservoirs” the United States 
Engineer Office the Zanesville District, and were continued throughout 
the design period. the basic data for design were supplemented field 
measurements and revised analysis, and laboratory test data 
lated, there was constant rotation data between the office and the labora- 


tory during this interval. When acceptable performance for stipulated operat- 
ing conditions was secured the model, record drawings the final model 
were put the hands the designers. These drawings were supplemented 
final report giving complete record all tests for that model. 


The model studies were made the Warner Hydraulic Laboratory the 
Department Civil Engineering, Case School Applied Science, Cleve- 
land, Ohio. This laboratory includes two flumes, both which were used 
the work, and the larger one which was added specifically for these tests. 
Fig. longitudinal elevation the circulating system, showing the 
metering devices and the flumes with essential accessories. 

The laboratory occupies total 6000 floor space two floors 
modern building, with trucking entrance the ground floor and 
3-ton traveling crane for equipment and material handling. From 
recirculating reservoir under the ground floor, battery three centrifugal 
pumps, operating parallel, with total about 7.5 per 
deliver through 10-in. common header constant-level tank the second 
floor, the supply mains direct, desired. Flow from the constant-level 
tank through 12-in. 4-in. supply line, each equipped with Venturi 
tube, the flow being registered with indicating, recording, 
meters. The metered supply reaches the River Flume the ground floor 
through 10-in. riser, the discharge from the flume being returned the 
recirculating reservoir. the second floor, the Experimental Flume fed 
10-in. take-off from the riser, from 6-in. take-off and weir box. 
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Discharge from the experimental flume the second floor reaches the 
reservoir through 10-in. return, may passed through any one six 
volumetric measuring tanks, each 6.0 diameter and 10.0 deep, arranged 


Constant- 
12" ,-—Venturi Tubes 


Experimental Flume 
3'0" x90°0" in 


Hook Gage, Rider Bar 


Flow Indicators * 
and Piezometer Buckets 


and Recorders 


River Flume 


Recirculating 
50 000 Gal 


pairs, with flipper devices for continuous running calibrate the meters 
measure the discharge, and each equipped with telescopic level readers and 
quick-opening valves through which water returned the reservoir. 

Both the second-floor experimental flume, with glass section, and the river 
flume the ground floor, are equipped with adjustable tail-gates and with 
numerous piezometer connections. Each separate model requires newly built 
piezometer assembly, leading each case battery open buckets 
which levels are read hook-gage traveling carefully leveled rider 
bar. Each separate model, likewise, requires newly set rails supporting point- 
gage bridges, sounding devices for measuring scour. 

Required flows are set valve manipulation and indicated either the 
4-in. the 12-in. Venturi tubes. low flows, U-tube manometer contain- 
ing carbon tetrachloride used tests gives much greater deflections 
and greater precision reading. insure minimum error, the 4-in. and 
the 12-in. meters are rated volumetric measurement. The models for the 
Wills Creek, Charles Mill, Mohawk, Dover, Mohicanville, and Pleasant Hill 
Dams (see Fig. were tested the ground floor and the models for the 
Tappan, Clendening, Piedmont, Senecaville, and Bolivar Dams were tested 
the second floor. 

Any description laboratory facilities needed for model studies would 
decidedly incomplete without mention the shop facilities, tools for main- 
tenance work, and the fabrication special instruments, other devices 
required for wide range purposes. large city such Cleveland, 
the availability industrial shops added asset. Furthermore, room 
needed for the preparation drawings, filing records, and reference 
material. 
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The characteristics the various dams have been described 
Winslow, Jr., Assoc. Am. The following description gives only 
the distinguishing features the several models studied. Aside from site 
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requirements, dissimilarity between structures occasioned partly the fact 
that operation the several works was planned interrelated, 
and the performance one outlet, certain cases, affects another. These 
circumstances result great variety hydraulic problems solved 
design, and the model studies, therefore, vary character commensurate 
extent. 

For each dam, the outlet works terminates stilling-basin which 
jump formed, dissipate the energy conduit discharge. Since, 
any case, spillways these dams discharge under emergency conditions 
only safeguard embankments, model spillways were studied the labora- 
tory only for those few dams where the confluence spillway and outlet dis- 
charge occurs such manner affect, appreciably, the design the 
spillway, the outlet works, both. 

The Wills Creek, Mohawk, and Bolivar models each include intake 
tower with six control gates discharging through twin tunnels conduits 
horseshoe section, into stilling-basin. The dimensions, heads, capacities, 
and tail-water conditions differ widely for the three dams. 


Fic. 3.—MODEL SPILLWAY AND OUTLET WORKS, DAM 


The Clendening, Tappan, and Piedmont models each discharge through 
single horseshoe conduit into different type stilling-basin. The Clen- 
dening, Tappan, and Piedmont Basins are similar each other, but unlike 
those developed for other dams the project. The distinctive feature the 
rise the curved apron below the portal elevation higher than the invert 
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the tunnel, followed parabolic drop the floor the stilling-basin. 
The formation hydraulic jump with relatively high tail-water and low 
tunnel elevation and discharge thereby obtained. 

The Charles Mill and Mohicanville models, finally crystallized after 
substantial changes the preliminary spillway layout, include short conduits 
through solid masonry section with secondary emergency spillway 
immediately adjacent. The Senecaville model discharges through twin short 
conduits set gate-tower centered between adjacent twin over-flow sec- 
tions, each surmounted Taintor gate. For Senecaville, the discharge 
from all outlets combines long paved channel with steep grade leading 

The model Dover Dam (see Fig. 3), simulates solid masonry, overflow 
section, 338 long (9.66 the model), between abutments, with eighteen 
gate-controlled, short, outlet conduits through it. These conduits are set 
three batteries six units each, three levels. The outlet portals discharge 
over curved apron between training walls into stilling-pool which 
required very shallow because foundation conditions the site. 

The model Pleasant Hill Dam (see Fig. 4), includes intake tower, 
enclosing vertical shaft, into which flood waters are discharged through six 


B Preliminary Design Intake Tower 


Bulkhead 


Baffle Chamber 
Sand Trap 


Sta. 10+ 30 


SECTION 
Revised Design 
Intake Tower 
SECTION SECTION C-C 


Layout, PLEASANT HILL 


orifices, without control gates. The orifices are set two different elevations, 
and are dimensioned secure capacity which will predetermine the reservoir 
rise automatically. The model shaft discharges the base through con- 
stricted throat (for the purpose maintaining plunge pool the shaft) 
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into 6-in. (15-ft 1:30 circular tunnel, and blow-off gates are 
provided the tower base, well temporary openings for diverting water 
during the construction period. The spillway the shaft type with 
circular crest, in. (80 ft) diameter, surmounted piers eliminate 
action, and with its ogee surface converging 8-in (20-ft) circular 
shaft and 90° bend the horizontal. The model tower and spillway tunnels 
meet wye junction form tunnel (horseshoe section) in. (20 ft) 
height and width, leading stilling-basin below the dam. 


From the dimensions the design drawings the. Laboratory Staff prepared 
detailed model drawings for the fabrication the several elements, and also 
layout sheets assembly and erection. making the models, skilled 
labor was employed the laboratory and shop. Certain units were made 
for price commercial organizations Cleveland. the special instance 
the wye-tunnel junction for Pleasant Hill (required made trans- 
parent material that flow inside the junction could observed and photo- 
graphed), the piece was fabricated the University Iowa, Iowa City, 
Iowa, from drawings prepared Case School, and then shipped Cleveland 
for erection. Speed was essential and all available facilities were needed. 
Where complex details had reduced model dimensions, as, for example, 
the gate-towers, and tunnel and portal sections, the model drawings were 
made full model scale. Topography the model reservoir and the 
channel below the dam was reproduced the model inundated sand fill, 
topped with mortar coat, placed between sheet metal templets cut 
the proper transverse profile and set several stations the center line 
the works. tinsmith cut these templets from full-sized paper patterns. 
The original pencil fabrication and layout drawings were usually handled 
the craftsmen working the model, and due the different scales 
required for the drawings, was not always feasible establish uniform 
size for the sheets. Experience indicates that might preferable main- 
tain uniform size for filing and work from blue-prints, since the drawings 
suffered considerably the handling. 

secure the complicated shapes with reasonable accuracy and speed, 
was found best work sheet steel. The model tunnels and gate-towers, 
therefore, were made from welded 16-gage material. The Morning Glory 
spillway was spun from sheet aluminum, laminated solid wooden core, 
accurately turned shape. The curvature the tunnels was made series 
short tangents. The joints between tunnel sections were male and female 
with bolted flanges. forming the multiple short conduits—as for the Dover, 
Charles Mill, and Mohicanville Dams—a box-like steel shell formed the floor, 
ceiling, and the side walls the outermost conduits. Individual conduits 
were then formed wood-block inserts piers fashioned pattern-maker 
with snug fit between floor and ceiling. The gates for all dams were vented 
immediately down stream. These vents were reproduced accurately the 
models with welded steel, with openings carried through risers, headers, 
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stacks the prototype, either scale slightly larger. The stilling- 
basins were usually formed with wood floor, walls, baffle-piers, and terminal 
sill. Where the side walls were warped, was easier secure proper dimen- 
sions with 22-gage galvanized sheet metal, some comparable commercial 
product. Where changes were not anticipated the walls and floor the still- 
ing-basin were formed mortar. 

Numerous piezometer connections were installed along the floors the 
conduits and other points where pressure readings were desired. Unless 
piezometer openings are mechanically true, and unless the surfaces which 
they are set are absolutely smooth and undistorted, false readings will 
secured. For these models the best piezometer connection was found 
made brazing solid lug about in. long the under side the steel 
floors, and drilling either single hole through direction normal 
the surface, three such holes, and dressing the opening the surface 


Fic. INTAKE AND TWIN TUNNELS, MOHAWK DAM 
(ORIGINAL DESIGN BEFORE REVISIONS) 


with slight radius. The opposite end the lug was tapped for the insertion 
the Morning Glory spillway the Pleasant Hill model seven pairs piezom- 
eter openings, diametrically opposed, were connected through similar lugs 
copper tubing leading piezometer panel which was mounted 0.5-in. 
transparent tube through which the pressure gradient was read directly 
against paper scales. should remembered that piezometers record the 
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pressure and not the water depth where curvilinear flow exists vertical 
plane. all the measurements taken, piezometer readings were most difficult 
and unsatisfactory. 

Fig. shows model sheet steel with the intake ceiling elliptical 
profile and transparent material. The gates are steel flats, sliding 


(a) INTAKES (b) STRUCTURES 
Fic. MODEL CONSTRUCTION, BOLIVAR 


grooves the wood division piers, and vented through rectangular slots and 
stacks. The tunnels are high (model 1:40). The complete model 
for the Dover Dam scale shown Fig. Typical model con- 
struction shown Fig. 6*. The Bolivar tunnels are high scale 
1:40. Typical the stilling-basins for Clendening, Piedmont, and Tap- 
pan, the model shown Fig. 


ING-BASIN, PLEASANT HILL DAM 
Some the most complex model fabrication was required the case 
the Pleasant Hill Dam. Fig. shows the model intake tower welded 
steel sheet. The Morning Glory spillway spun aluminum with piezometer 


also, Engineering, January, 1936, 16. 
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connections shown Fig. 9(a). The wye transparent junction and steel 
horseshoe tunnel are exposed for their full length provide access piezom- 
eters. The wye shown Fig. 


(a) (b) TUNNEL JUNCTION 
Fic. MODEL CONSTRUCTION, PLEASANT HILL DAM 


MEASUREMENTS 


For each the eleven dams certain features operation and performance 
were studied, including: 


(a) The relation reservoir stage discharge, for various combinations 
outlet openings; 

(b) The distribution energy losses; 

(c) The capacity and behavior the spillways; and, 

(d) The performance the stilling-basin, with particular reference the 
variation tail-water level given discharge, the unsymmetrical dis- 
charge from the multiple outlets. 


The test measurements, therefore, were aimed secure the following data: 


(1) Rating curves reservoir stage against discharge for all combinations 
outlets open partly open (where tail-water variation affected the rate 
discharge, rating curves were secured for the range tail-water levels) 

(2) Water surface profiles through the stilling-basin, extending from the 
outlet portal through the hydraulic jump the channel below; 

(3) Velocity traverses showing the distribution velocities across various 
sections the stilling-basin, and the channel below; 

(4) Scour (with the sand bed the outlet channel screeded level before 
test run, cumulative scour over hour’s time was measured compare tests, 
one with the other) 

(5) Flow conditions, recorded photographs and motion pictures; 

(6) Observations without measurement (the effect rising tail-water 
the hydraulic-jump performance was recorded observed eye for small 
increments 

(7) Check surveys determine the actual measurements the models 
various times against the measurements which they were set (in some 
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cases swelling wood settlement supports made necessary re-set 


the model; the actual dimensions the model tunnels and outlets were 
recorded) and, finally, 


(8) Record tests. 


The latter (Item (8)) were so-called formal tests conducted with all the 
measurements required determine the behavior under stipulated operating 
conditions. They included hydraulic gradients through the structure, the 
upper pool elevation and discharge, the water-surface profile the hydraulic 
jump, the distribution velocities the stilling-basin, and the topography 
scour the end hour’s run. 


For taking measurements was found convenient furnish the laboratory 
operators with mimeographed sheets, there being separate form for the: 
Rating curve; water-surface profile; velocity traverse; hydraulic gradients; 
sheets; and daily diary. 

operation, two men could usually handle the model 8-hr shift, 
one acting reader and the other recorder. When the model was being 
built dismantled, skilled and unskilled labor was employed addition. 
The laboratory operated continuously 24-hr, three-shift basis for about 
seven months. This continuous operation and accumulation data kept 
about ten draftsmen busy, 8-hr basis, plotting, computing, and recording 
all measurements and model details, and preparing fabrication drawings for 
new models. 

For record test, the sand bed below the stilling-basin was first screeded 
level the desired contour. From 2-in. flood line, water was admitted 
slowly the tail-gate approximate tail-water depth for the intended dis- 
charge, that the initial scour during the run would slight. The proper 
flow was set the meters, and the reservoir level and tail-water level were 
brought equilibrium. piezometers were blown free air and stabilized. 
The hydraulic gradients were then recorded, water-surface profiles were taken 
the stilling-basin with point-gage and the distribution velocities was 
recorded Pitot tube Bentzel tube the stilling-basin and below the 
terminal sill the outlet channel. the end hour’s run, the flow was 
stopped, the reservoir was allowed empty, and the lower pool was drained 
expose the sand bed, which was then measured with sounding rod 
record the depth and location scour. 

Scour measurements were taken index which performance between 
tests could compared roughly, since denoted concentration high veloci- 
ties persistent eddies and whorls along the bottom the channel. Excessive 
irregular scour any case showed poor distribution terminal velocities. 
From velocities two-tenths and eight-tenths the depth, the discharge 
was computed ordinary stream-gaging methods check agreement with 
Venturi meter readings. 

For Wills Creek, preliminary model scale 1:40 was superseded 
final model 1:25. For Charles Mill, large scale 
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model was used for conduit and stilling-basin studies only, followed 
1:30 model complete with spillways. 


PERSONNEL, AND Cost REQUIREMENTS 


Fig. 10, “Laboratory Schedule”, shows the dates between which model 
erection and model testing occurred. The shown for erection and 
testing does not include time for preparing drawings, for the fabrication 
model parts, for handling and digesting test results. rule, time 
elapsed between clearing the flumes one model and erecting another. The 
vertical lines Fig. indicate the man-hours for that week’s payroll, includ- 


Clendening 
Senecaville 
Piedmont 


Cc) Erection Period 
Testing Period 


1000 


Man Hours for the Week 


10.—LABORATORY SCHEDULE, SHOWING DATES BETWEEN WHICH MODEL ERECTION 
AND MODEL TESTING OCCURRED 


ing all operations. for engineering assistants (draftsmen, computers, 
model builders, and model operators) ran from $0.60 $1.50 per hr, limited 
40-hr week. for skilled labor (machinists, carpenters, cement 
finishers, pattern-makers) ran the prevailing local scale, from $1.00 
$1.25 per hr, limited 30-hr week. 

The direct cost materials and labor for the several models shown 
Table includes total about $1800 for blueprinting required for 
the several reports and 100 for photographic prints used the reports. The 
power consumed pumping totaled about 20000 kw-hr. these data should 
added approximately 40% cover rentals, supervision, miscellaneous ser- 
vices and supplies, travel and consulting expenses, and the salaries three 


Tappan 
Mohawk 
~Dover 
ie | q 
Mohicanville 
Pleasant Hill (__ 
| 
Aug. Sept.- Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June 
Month 
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engineers from the Zanesville Engineer Office stationed the labora- 
tory. Included the 40% the cost the river flume ($1250), which was 
installed specifically for these tests and transferred Case School part 
compensation for the work. 


Structure Scale Costs 
(see model Units tested 
Labor Materials Total 
Wills Creek.... 1:40 Intake, twin tunnels, stilling-basin 
1:25 Intake, twin tunnels, 650.59 382.48 033.07 
Charles 1:20 Outlet conduits, stilling-basin 
1:30 Outlet conduits, overflow section, 
Tappan....... 1:20 unnel, 277 213.81 
Clendening..... 1:20 Tunnel, 972.31 235.18 
Piedmont...... 1:20 Tunnel, stilling-basin............ 398.03 131.34 529.37 
Mohawk....... 1:40 Intake, twin tunnels, stilling-basin. 468.06 106.39 574.45 
1:20 Outlet conduits, Taintor gate sec- 
tions, outlet 
Dover......... 1:35 Spillway section, outlet conduits, 
1:40 Twin intakes, tunnels and stilling- 
1:25 Outlet conduits, outlet channel, 
stilling-basin, spillways......... 546.56 045.91 
Pleasant Hill... 1:30 Intake tower, spillway tunnels, 


Exclusive the building, 50000-gal. reservoir, the general plant, shop, 
and tools, the permanent investment, installed, for the principal items the 
fixed equipment used for the tests is: 


Three motor-driven pumps and 400 
300 
Venturi tubes and 600 
400 


Caution must used comparing the cost model studies, one with the 
other, because they are likely unrelated character. The costs shown 
are those for concentrated extensive program studies generally similar 
and related, under carefully planned and rigorous schedule. Furthermore, 
for these studies, work ceased the moment major decisions design could 
made, and the models were built economical manner for this immediate 
purpose only. 

Mechanical imperfection the models themselves, together with the 

physical difficulty taking precise measurements all laboratory work, may 
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seriously affect the results hydraulic model study, these factors are 
under-rated their significance ignored. Some these factors deserving 
special consideration are: Discharges, piezometer readings, points filling, 
orifice coefficients, joints and connections, warping, settlement, water-surface 
elevations, velocity measurements, and entrained air. 

small geometric scales necessary, require large ratio 
prototype flow model flow, necessitating the accurate measurement 
discharge. Where weir used, calibration should directly volume 
weight possible. Otherwise, proper precautions must followed insure 
that the weir corresponds setting the original which formulas have 
been derived. With the Venturi meter, direct reading may obtained 
about full capacity with ordinary differential-manometers. 
noted, much more satisfactory with lower flows magnify the deflections 
the manometer the use lighter liquid, such as, carbon tetrachloride. 
The specific gravity the carbon tetrachloride must determined carefully 
and frequently, and the glass tube should least 0.5 in. diameter for 
easy cleaning and avoid the effects surface tension the meniscus. 

Piezometer high velocities occur, piezometer readings 
are the most difficult measurements obtain most accurately. smooth 
Am. Soc. The relation between discharge the prototype and that 
the model depends the ratio, Since must determined piezom- 
eter readings their importance and the care exercised the fabrica- 
tion piezometer connections cannot over-emphasized. 

Points point which the model tunnel ceases flow 
partly full and begins flow completely filled, difficult determine. Even 
where this point determined accurately the model there may some 
question whether not the prototype will behave exactly the same 
manner. 

Orifice use models which orifices are involved raises 
the question how the coefficients are affected actual size. Tests cover- 
ing small orifices show variation the coefficient with the actual size 
opening. 

Joints and Connections.—As few joints possible model appears 
desirable, inasmuch these joints affect flow conditions both stream and 
down stream with consequent breaks the hydraulic gradient, shown 
the piezometer readings. smooth hydraulic gradient desirable order 
obtain the value for the model. 

extremely difficult prevent warping wooden models. 
Slight warping often produces incorrect flow conditions, which affect the 
results seriously. Many methods water-proofing have been tried the dif- 
ferent hydraulic laboratories. The use celluloid dissolved banana oil, 
and the use aluminum foil have been tried. 

Settlement.—Settlement the sand base under mortar surfaces leaves the 
templets exposed and elevations error that often necessary rebuild 


Investigation”, Allen, Transactions, A.S.M.E., May 15, 1932. 
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the model after has been use. the sand base thoroughly inundated 
prior placing the mortar surfaces, and not permitted dry out, this diffi- 

Water-Surface Elevations.—Water-surface elevations are difficult obtain, 
and leveling the base rail and checking the gage zeros, must 
maintained all times. 

Velocity Measurements.—Velocity measurements model are difficult 
obtain inasmuch they usually cover wide range, from considerably less 
than per see greater than per sec. For the low velocities the 
Bentzel meter, specially constructed Pitot tubes, and small current meters 
all been used the various laboratories. 

hydraulic formulas are based the assumption that 
water weighs 62.5 per ft. However, they hold exactly where the 
jump, where flow conditions which air entrained 
Thus, any model that includes these flow conditions should have factor 
safety added greater than the minimum dimensions shown the model tests. 


OBSERVATIONS AND FINDINGS 


model studies, preliminary analysis essential order that time and 
money spent laboratory manipulation may minimized. The test 
measuiements themselves are worthy equally careful analysis and interpre- 
tation. Analysis the detailed test observations, however, beyond the 
intended scope this paper, and the following discussion includes certain 
findings which are stated general terms only, give brief picture 
certain selected results. 

The outstanding single result tests was improvement all stilling- 
basins. the case single twin outlet conduits, the typical features 
the model basins are illustrated Figs. and With the jet issuing 
from the portals between flaring side-walls over curved apron, the models 
demonstrated, for these outlets, that the jump could held with slight change 
the apron, for all rates discharge and corresponding 
water levels, block-shaped baffle-piers with stepped up-stream faces, anchored 
the basin floor. For given discharge, the jump appeared slightly 
more stable when the apron itself was stepped. 

With excessive flare and batter the side-walls, lateral distribution 
the shooting flow the apron was poor. such cases the water failed 
follow the flare, and lack forward momentum the side-wall permitted 
back rollers from the tail-water the lower end the basin, which skewed 
the jump one side. The result was persistence whorls, eddies, and con- 
centrated high velocities the exit from the basin. Similar behavior accom- 
panied the presence excessively high tail-water any case. low value 
average velocity computed the basis high tail-water proved 
deceptive index flow conditions, the jump itself was neither positive nor 
balanced. 

the models, good results were secured when the side-walls stream 
from the jump were not flared more than (preferably 6), 
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and battered not more than 10. The parallel side-walls the basin, 
below the jump, were battered suitable for their construction paved 
slopes retaining walls, the case might be. With tranquil flow instead 
shooting flow, the slopes could flatter without serious effect perform- 
ance, although slopes flat produced eddies some cases. 

For structural other reasons, the outlet tunnels for several the dams 
were originally set lower than proved suitable for good performance with the 
coincident tail-water conditions corresponding the several rates dis- 
charge. some cases, the tunnel was raised result the tests; others, 
where this was not feasible, unique expedient solved the difficulty. 

The Clendening stilling-basin has already been specially mentioned. the 
original design, the tunnel invert was placed low, and high tail-water 
the model drowned out the jump. secure good hydraulic jump without 
raising the tunnel, proper relation between momentum outflow and tail- 
water depth was secured passing the water over humped apron (as 
described under the heading, “Types Models”), through which narrow 
gutter was cut for drainage. The hump was first built crudely with wooden 
flats the model, and then carefully shaped for easy transition. This feature 
was also adopted, after trial, the models for the Tappan and Piedmont 
Dams well. 

reduce concentration scouring velocities along the bed the outlet 
channel, low terminal sill with the up-stream face stepped, was placed 
the end the stilling-basin and was found the simplest and most 
effective, although other types were studied. 

One expedient reduce the length stilling-basins was carry the 
horizontal flare into the tunnel portals. the first Mohawk model, with 
portal and tunnel height equal, the portal flare and increase area resulted 
the hydraulic control being shifted from the tunnel section low flows, 
the portal section maximum flows. With the large portal flowing full 
atmospheric pressure, the differential between the portal velocity head and 
the tunnel velocity head was roughly ft. Consequently, negative head 
occurred like amount the tunnel. When the flare was omitted from 
the tunnels, and stilling-basin side-walls were adjusted correspond with 
increased warp and flare, the hydraulic jump was unbalanced. The flare was 
restored, therefore, the portal section, but the portal area (and negative 
tunnel head) was reduced dropping the portal crown. Piezometer readings 
the model disclosed the shift the pressure gradient. 

Finally, for all stilling-basins, tail-water stages were such that the depth 
the basin much below the stream bed was, general, found needless, 
and the model studies resulted usually reducing the length width the 
basins, both. Liberal size alone was found insufficient guaranty 
adequate performance. 

The true head between reservoirs and outlets difficult discover. For 
preliminary designs, outflow was predicated head measured reservoir 
elevation, minus portal invert elevation, minus the average depth the 
portal. Actually, the head will greater, since the jet from the portal 
accelerated downward gravity, and the pressure head the apron less 
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than that caused equal depth still water. The discrepancy between 
assumption and fact will depend the sharpness apron curvature and jet 
velocity. the case the Pleasant Hill model, the true head piezometers 
appeared have value closer reservoir elevation, minus portal invert 
elevation, minus one-half the depth. The model discharge was greater than 
anticipated and, fact, substantially exceeded the required capacity, 
that the original tunnel and shaft was reduced ft, with incidental 
changes resulting reduced construction. 

Another feature the Pleasant Hill model was the transparent wye-junc- 
tion through which flow conditions, much under discussion during staff con- 
ferences, could observed and evaluated. With certain rates flow (to 
occur Nature rare intervals), the model showed that discharge from the 
gate tower would enter the junction such fashion climb the opposite 
wall and spiral completely around the interior face the main tunnel. 

The Bolivar model was operated with its portal submerged the tail- 
water, would required for this particular dam certain outflows, and 
when the Dover Reservoir, located down stream, filled crest level. Quick 
closure the model gates caused sudden inrush air through the vents, 
the slug air traveling down the tunnel released the portal. Release 
air was followed sudden rush tail-water into the portal, with severe 
slap and shock. Disturbance also occurred with the gates stationary 
throttled position, provided the portal was submerged. The gates the 
model, course, can closed almost instantaneously, whereas the mechanism 
the actual structure will not permit any such rapid gate manipulation. 
Nevertheless, the model showed that might important release the 
water through few gates fully opened rather than through several 
throttled position, and restrict the speed gate closure. 

With multiple short conduits through masonry section, for Charles 
Mill and Dover Dams, increase capacity improved lateral spread 
the apron was attempted with conduits having curved offset ceiling pro- 
file, horizontal flare, both. The benefits, any, indicated the models 
were not considered commensurate with the probable cost the more complex 
shapes and, each the final models crystallized into conduits simpler 
uniform rectangular section and liberal elliptical easement the inlet, which 
appeared entirely suitable. 

The size and position training walls, and the shape rock-cut benches 
which spillway discharge could directed with minimum disturbance 
into the outlet channels, were studied the Charles Mill and Senecaville 
models. Studies alternate types spillways were made for Mohicanville. 
The approach cuts and wing-walls the inlet were improved the models 
for Wills Creek, Charles Mill, and other dams. 


check the stipulated capacity the outlet works given reservoir 
necessary convert the model discharge into corresponding flow 
the prototype. Where gravity the predominating factor inducing 
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flow, with comparatively slight retardation from friction, the flow the model 
directly converted flow the prototype the power the scale 
ratio. Such conversion factor would appropriate for overflow spillways, 
stilling-basins and (for simplicity, and the safe side, for capacity), for 
short conduits. long tunnels where frictional retardation has great influ- 
ence discharge, was difficult impossible with these model scales and 
structures secure interior roughness factor, Kutter’s low enough 
give the foregoing conversion factor where the prototype 0.011 
0.013. Consequently, was necessary determine the value for 
the model observing, carefully, the hydraulic gradients straight section 
where uniform flow obtained. For example, the value for the model 
the Mohawk Tunnels (1:40 scale) was found 0.0091, which indicates 
that the models, however smooth mechanically, are nevertheless too rough 
simulate conditions the prototype. However, knowing the value for 
the model, the corresponding flow the prototype can computed 
Manning’s formula, other accepted formulas. For these models too 
much confidence not warranted the experimental values because 
the model tunnels are believed too short establish uniformly good 
flow conditions. 


SuMMARY AND CoNCLUSIONS 


The fact that hydraulic models cannot made reproduce, exact 
miniature, all the phenomena that will occur the prototype does not detract 
from their genuine utility. The performance hydraulic models may 
interpreted great advantage designing engineer. obvious that 
certain the foregoing findings could not determined over the drafting- 
board, analysis alone, and that other measurements furnish the data for 
needed analysis. The model studies described this paper were the nature 
check tests for the sole purpose expediting the production schedule 
demanded the Designing Staff for this project, contributing valuable 
method for attacking complex problems hydraulic design. 
The tests more than saved their own cost actually reducing construction 
expenditure, and, addition, gave invaluable assurance the probable 
behavior the finished structures the Muskingum Water-Shed Project. 
hoped that the data presented herein may helpful planning other 
model studies somewhat related character. 
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PAPERS 


ANALYSIS STRESSES 
SUBAQUEOUS TUNNEL TUBES 


Stresses concrete tunnel tube with flexible horizontal ties, are analyzed 
this paper. The equations for computing stresses the tube and ties 
are based the Maxwell theorem reciprocal displacements. Stresses 
tube may also determined the Method Least Work, although the 
resulting equations are lengthy and require considerable computation. 
The dimensions tube and its tie-rods are generally proportioned trial 
and error and, therefore, essential save time the analysis the 
stresses. Changes the dimensions the tube and ties require the computa- 
tion fewer terms the equations based the Maxwell theorem than 
the Method Least Work. 


INTRODUCTION 


The tube lining with flexible horizontal ties has found wide applica- 
tion the construction subaqueous tunnels. Fig. for example, the 
roadway placed the center the section. The upper horizontal ties 
are enclosed the ceiling slab, the space above being used for exhaust 
ventilating duct. The lower horizontal ties are placed the roadway slab, 
the space beneath being occupied the fresh-air ventilating duct. These 
rods cause more even distribution the stresses the ring. 

The tunnel lining may either reinforced concrete tube series 
cast-iron rings bolted the flanges. Each type has been found advantageous 
from construction economic standpoint, depending the site and the 
soil penetrated. the Posey Tube under the estuary channel between 
Oakland and Alameda, Calif., reinforced concrete pre-cast sections were used. 
this the horizontal steel tie-rods were placed the ceiling, the road- 
way slab being designed act strut resist external soil 


this paper will closed April, 1937, Proceedings. 
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Engineering News-Record, October, 1924, 720. 


ile 

on 

act 

act 

hat 

ng- 

for 

ble 

ion 

ble 

her 

ter, 

ory 

fice 

ing 


1520 STRESSES TUNNEL TUBES Papers 


the Holland Vehicular Tunnel under the Hudson River between New Jersey 
and New York, the tube was made bolted cast-iron rings. The high tensile 
steel tie-rods were placed the ceiling and roadway 


Center Line Tube 


Center Line of Tube—a| 


~ 
Upper Tie Rods ~ \ 
Hypothetical \\ \ 
Lever Arm \ \ 
Center 
Elastic 
Lower Tie Rods Weights Pi / 
Force Exerted 
Lower Tie Rods 
Fresh Air Ducts 


AQUEOUS TUNNEL 


The equations developed this paper refer the analysis stress 
reinforced concrete tube. However, they may also used for the analysis 
stresses cast-iron tube substituting the proper values for the modu- 
lus elasticity. The basic assumptions made for the elastic materials gen- 
erally used the theory elasticity were adopted for this paper. However, 
the possible effect plastic flow concrete was not considered. 

Notation.—The letter symbols this paper are introduced the text 
they occur and are summarized for reference the Appendix. effort has 
been made conform essentially with “Symbols for Mechanics, Structural 
Engineering, and Testing compiled committee the Ameri- 
Standards Association, with Society representation, and approved the 
Association 1932. 


DERIVATIONS 


The loading sustained tunnel tube consists external earth and water 
loads, the weight structure, the live loads the roadway deck, and 
the force buoyancy. The ring and the loads acting are generally sym- 
metrical about vertical axis through the crown section, and, consequently, 
the stresses involved are also symmetrical about the vertical axis. The shear- 
ing stresses the upper and lower crown sections are equal zero. 
developing the equations the half-ring shown Fig. analyzed, represen- 
ting 1-ft length tube, fixed the bottom, with the right half removed. 
The tie-rods are replaced tensile forces, and the reactions from the right 
half are expressed the horizontal force and bending moment applied 
the elastic center the tube. 

elastic tube with two horizontal flexible tie-rods statically indeter- 
minate the fourth degree; that is, there deficiency four equations 
for solution statically determinate problem. The following are the con- 
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ditions met: (1) From symmetry, the vertical diameter Fig. may 
assumed fixed; (2) the horizontal displacement and the rotation the 
crown sections may equated zero; and (3) the horizontal displacements 
the ring, the points where the tie-rods are connected are equal the 
strains the corresponding ties. 

Case 1—Tunnel Section Without developed for 
determining stresses elastic rib arch fixed the may adapted 
the solution stresses any closed ring without tie-rods. Since such 
ring symmetrical about the vertical axis, its elastic center will the 
vertical axis and its distance from the upper crown section, may com- 
puted from the equation, 


which (see Fig. 3), the vertical dis- 
tance from the axis the crown, any point, 


e 
hy 


c 

the arch element; the length 
element measured along the neutral axis; 
crete compression; and the moment Weights 
inertia the section the tube. 

The horizontal force, that expresses the 
effect the right-half ring (transmitted 
through the hypothetical arm shown Fig. 
determined from: 3.—NOMENCLATURE. 


Center Line of Tub 


which, the bending moment some point, the neutral axis 
the tube produced the forces applied between that point and the crown; 
and are the horizontal and vertical components the sum all the 


forces between Point and the crown; the area 


the section cut radial plane, per linear foot tunnel; and the angu- 
lar distance Point measured counter-clockwise. The moment, 


the center, introduced allow for the removal one-half the tunnel 
tube, is: 


x 
‘al 
ly, 
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The horizontal distortion Point (see Fig. may determined by: 


the integration being taken from the fixed support Point When the 
external load unit horizontal force applied the upper tie-rod joint 
(Fig. 4(b)), the horizontal and vertical components are and 


Original 
Position 


Distorted 
Position 


4o2 La 12 422 
(a) DUE TO EXTERNAL (b) DUE TO UNIT FORCE AT (c) DUE TO UNIT FORCE AT 
LOADING UPPER TIE ROD LOWER TIE ROD 


and the bending moment Point (Fig. 3), the neutral axis below the 
upper tie-rod joint is, 


which, the vertical distance the upper tie-rod joint from the elastic 
center. Therefore, from Equation (2), the horizontal reaction the elas- 
tic center, produced unit force the upper tie-rod joint is: 


and the reaction bending moment, from Equation (3) is, 
(7) 


From Equation (5) the horizontal distortion some point, the neutral 
axis, produced unit force acting along the upper tie-rod is: 


ein 


421 
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Likewise, the horizontal thrust, and the bending moment, the 


elastic center the ring produced unit force applied along the lower 
tie-rod, are: 


which, the vertical distance from the elastic center the lower tie- 
rod. horizontal distortion, some point, produced unit 
applied along the lower tie-rod the same Equation (8), substituting 
for yu, and the corresponding values yi, Hi, and 

The limit integration for the nominators Equations (6), (7), (9), 
and (10), from the intersection the axis the invert crown the point, 
which the tie-rod fastened. The limits integration for Equa- 
tion (8) from the intersection the axis the invert the point, 
which the distortion computed. 

Case Section with Horizontal circular, 
elastic tube with two horizontal tie-rods statically indeterminate the 
fourth degree, without the tie-rods the section statically indeterminate 
the second degree, and the latter case, the reaction forces may com- 
puted Equations (2) and (3). Stresses the tie-rods may determined 
from the Maxwell theorem reciprocal displacements. 

The horizontal distortions the level the upper and lower tie-rods are, 
respectively, and the tube with ties these distortions are corrected 
tensile forces the tie-rods. The final force the upper tie-rod, assisting 
the tube carry the external loads, indicated and the lower rod 
The horizontal distortion the upper tie-rod joint produced the 
upper tie-rod stress and the distortion produced the lower tie-rod 
stress The total distortion the ring the level the upper 


tie-rod, from its original position, equal one-half the strain that tie- 
rod, 


and, 


(assuming initial tension the tie-rod). Therefore, from the Maxwell 
theorem the equation may written: 


(11) 


Likewise, for the lower tie-rod equation distortion may written: 

(13) 
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which, and are the sectional areas the upper and lower tie-rods, 
respectively. From Maxwell’s theorem Solving, simultaneously, 
Equations (12) and (13) the reactions, and the tie-rods may 
determined. 


The horizontal thrust, and the bending moment, the elastic 
center the tube, with tie-rods, may computed from: 


and, 


The bending moment, and the normal thrust, any radial section may 
computed from statics; thus, for points the axis the ring between 
the upper tie-rod and the horizontal diameter tube: 


and, 


Case the tie-rod removed, the hori- 
zontal thrust the center, produced change the tempera- 
ture the atmosphere expressed by: 


for variation temperature; and the radius the neutral axis the 
tube. 

The horizontal distortion some point, the neutral axis the tube 
for change temperature expressed by: 


Tension slack the upper and lower tie-rods produced temperature 
changes the atmosphere may computed from Equations (12) and ex- 
cept that Ao: and must changed the temperature distortions, and 
Ati, the upper and lower rods. Temperature stresses may computed alsp 
for differences temperature between rods and ring, with appropriate dis- 
tortions, and should noted that the earth pressure loads may 
also change with changes temperature. 

Case Tunnel Tube Uniform equations for 
computing stresses circular ring uniform thickness may 
fied considerably. The elastic center the tube will the geometric 
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center the ring. The co-ordinates radial section may expressed 
angular functions, thus, 


and, 


(24) Equations (2), (3), and (4): 


which, 


and, 


illustration the practical application the equations developed, 
the stresses the elastic 


; Center Line of Tube 
tunnel tube with the tie- 


3813 Lb per Sq Ft 


rods the ceiling were 

and the external loads Tie Rods 
the sectional area the 


per lin tunnel the 
length the tie-rods 
29.67 ft; and the 
vertical 
the 


p, = 5800 Lb per Sq Ft i 


Fic. SECTION AND LOADING USED 
wu = 8.80 ft. EXAMPLE, 


Neutral Axis 7 enter of 
Tube 


5800 Lb per Sq Ft 
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From symmetry follows that the elastic center the tube corresponds 
the geometric center the ring. The horizontal thrust, Ho, and the bend- 
ing moment, Mo, produced the external loading, computed Equa- 
tions (25) and (26), are 81500 and 1450000 ft-lb. The hori- 
zontal distortion, Ao:, the point, yu, (with the tie-rods removed), due the 
external loading, computed Equation (27): Aou 0.248 ft. The hori- 
zontal thrust, Hy, and bending moment, the elastic center produced 
horizontal load 1000 the point, computed Equations (6) 
and (7) are: 668 lb, and 10600 ft-lb. The horizontal distortion 
the tie-rod joint the tube produced horizontal force 1000 
Yu, computed Equation (8) is, 0.011 ft. The strain the tie-rod 


produced tensile force 1000 lb, is: 0.00038 ft. 


Substituting the values the distortions Equation (12) and solving, 


Equation (12), for the present example, The unit stress the 

u 


the direct stresses the reactions the elastic center and the horizontal 
distortions the tube have not been considered this example. 


SUMMARY 


The advantages the equations based the Maxwell theorem comput- 
ing the stresses tunnel tube may summarized, follows: 


(1) The stresses the shell and tie-rods tunnel may computed 
adaptation Maxwell’s theorem with the same precision any other 
refined method based the theorem least work. 

(2) The significance the various terms the equations for comput- 
ing the stresses may easily visualized. Therefore, the computation 
stresses may simplified reducing them for negligibly small terms. 
Furthermore, the simplicity interpreting the signs the expressions for 
distortion tie-rods self-evident. 

(3) The “trial-and-error” changes the dimensions tunnel tube 
and the tie-rods the method based Maxwell’s theorem will affect 
smaller number the terms than the case with the method least work. 

(4) Further simplifications may introduced preparing tables and dia- 
grams for the geometrical constants involved. 

(5) The method computing stresses the tube based Maxwell’s 
theorem has wide application. may readily used computing stresses 
any other type statically indeterminate structures. 


The necessity for shorter and more accurate method computing 
stresses tunnel tube unquestionable. this respect, the method pre- 


sented herein, based Maxwell’s theorem, will interest the designers 
tunnels. 


q 
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APPENDIX 


The following symbols, defined where first introduced the paper, are 
re-arranged herein for convenience reference: 


area radial section 1-ft length tunnel; also, with 
subscripts, cross-sectional area tie- rod per linear 
foot tunnel, referring the upper two rods, and 

expansion contraction concrete for change 
atmosphere 

thickness the tunnel 

modulus elasticity: for concrete compression; and 
for steel tension; 

unit stress, fs, referring unit steel stress; 

horizontal thrust reaction; horizontal component force 
any point, produced forces the ring between that 
point and the crown; horizontal component force 
the crown section, transferred the center the elastic 
weights; horizontal component force applied 
the center the elastic weights allow for the removal 
one-half the tunnel section; horizontal force the 
center the elastic weights produced unit force applied 
along the upper tie-rod; horizontal force the cen- 
ter the elastic weights, applied along the lower tie-rod; 
horizontal thrust the center the elastic weights, 
produced change, the temperature the atmosphere; 


height; the vertical distance from the crown any 


the axis the tunnel ring 


moment inertia radial section cut from 1-ft length 


aconstant; 


tunnel 


length tie-rod between its intersection with the axis 


the tunnel ring, referring the upper two rods and 
the lower rod; 

moment; the bending moment any point, produced 
the forces the ring between that point and the crown; 
moment the crown, transferred the center the 
elastic weights; moment applied the center 
the elastic weights compensate for the removal one- 
half the ring; and moment the center the 
elastic weights produced unit rotation the tunnel 


ring and respectively; and moment the 
center the elastic weights produced change, 
the temperature the atmosphere; the bending 


moment any point the tunnel tube with tie-rods, Equa- 
tion (16). 

component thrust normal radial plane through any point 
the tunnel tube; 

pressure per unit area; the 1-ft length tunnel, and 
the uniformly distributed loads the top, bottom, 
and sides, respectively, the tunnel ring (see Fig. 5); 


c= 
= 
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radius circle described from the center elastic weights; 
the radius the geometric center the neutral axis 
circular tunnel section; 

linear distance, measured along the axis tunnel section; 


change the temperature of. the atmosphere, degrees 


vertical component force any point, due forces 
the ring between that point and the crown; 


elastic weight with normal stress 
¢ 


tie-rod force, reaction, referring the upper tie-rod 
and the lower one; 


horizontal distance measured from the center elastic 


weights; 

vertical distance measured from the center elastic weights; 
the distance the neutral axis the tunnel ring 
the crown; the distance the upper tie-rod; the 
distance the lower tie-rod; 

horizontal distortion displacement; the distortion 
any point due external loading; the distor- 
tion the tunnel ring, Point yu; the distortion 
any point, due unit load applied along the upper 
tie-rod; the distortion any point, due unit 
load applied along the lower tie-rod; the distortion 
due change the temperature the atmosphere; 
Ao: the distortion the tunnel ring Point due 


u 
the tunnel ring Point due strain the lower 
tie-rod 


angular distance; the angle between horizontal line through 
any point, and the tangent the neutral axis that 
point; circular tunnel section the angular distance (cen- 
tral angle) Point measured counter-clockwise. 


T= 
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DEFLECTIONS GEOMETRY 


SyNopsis 
The fundamental method for finding deflections geometry, rather 
than the law conservation energy the principle least work. The 
few simple rules that are necessary geometrical analysis are given this 
paper, and are illustrated developing methods for calculating influence 
lines for such structures arches, and deflections trusses. 


GENERAL THEORY 


For the engineer who constantly dealing with stresses, but meets only 
with deflections statically indeterminate structures, the methods 
calculating deflections terms imaginary forces are great assistance. 
They enable him make computations with minimum knowledge the 
subject deflections. For this same reason, however, such indirect methods 
that least work, elastic weights, tend stand the way acquir- 
ing real facility the subject. 

simple illustration will show the real inward nature the problem. 
Consider the four following problems. 

Problem 1.—Determine the Force Fig. the Principles 
solution evidently take moments about the support; whence 


1.—MECHANICS PROBLEM. 


Problem 2.—Determine the Distance, Fig. 
similar triangles evident that 0.5 in. 

Problem the Force, Fig. Some Manner Other Than 
the lever rotated slightly, one side will gain, and the other side will lose, 
energy. According the law conservation energy, these two changes must 


this paper will closed April, 1937, Proceedings. 
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equal. Therefore, continuing from the solution Problem 0.5 in. 

Problem 4.—Determine the Deflection Fig. Some Manner Other 
Than Geometry.—Once more using the law conservation energy, apply 
force the left end and find statics the force the right end 
balance it; then find how far the first must move balance the energy 
gained lost the second force moving in. This distance will 0.5 in. 

Comment.—In the foregoing group problems quite obvious that 
the simplest solution the mechanics problem mechanics and the 
simplest solution the geometrical problem geometry. The solution 
presented Problem however, often referred the fundamental 
method solving deflection problems. none other than the method 
work. the more usual method presentation, the force corresponding 
that the right side the lever would furnished elastic members, 
and, therefore, both and the force the left would functions the 
deflections and the energy would determined integral although 
these complications seem irrelevant. 

The group problems suggests one constructive idea, however: When 
new methods for applying the geometry deflections are being sought, there 
will usually similar familiar methods for solving corresponding mechanics 
problems serve, not substitutes, but guides. 

the most important theorem the geometry deflections one 
which bears very close resemblance the principle moments: 


Theorem body rotates about point through infinitesimal angle 
(in ordinary structures all deflections are treated infinitesimal quantities), 
the component any direction the movement any point the body 
proportional the perpendicular distance from the line that component 
the center rotation. 


The proof Theorem quite simple. Fig. will seen, the 
first place, that the actual motion point such right angles 
the radius, OA, and proportional 
its length. (The motion 
the desired component 
this movement, and the 
radius drawn perpendicular 


the triangles, OAD and ABC, are 


When dealing with deflections terms vertical and horizontal components, 
the foregoing theorem can stated more conveniently follows: 


Theorem 2.—When body rotates about point, the vertical displacement 
any point proportional its horizontal distance from the center rota- 
tion, and the horizontal displacement proportional its vertical distance. 


| : 
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DEFLECTIONS 


The simplest type beam investigate cantilever. Consider the 
beam Fig. Suppose that the moment the shaded area causes this por- 


Fic. 4.—DEFLECTION Fic. SIMPLE BEAM. 
CANTILEVER. 


tion the beam bend through angle, (This angle can 


the well known formula, which the length the por- 


tion considered; the moment; the modulus elasticity; and the 
moment inertia.) Then Theorem can applied directly determine 
the deflection the end contributed this part the beam. The vertical 


the complete deflection, necessary add the contributions from each part 
the beam, integrating calculus possible, dividing the beam into 
number sections and treating the average properties each section. 

find the moments cantilever only necessary multiply the 
loads and their lever arms. find the moments simple beam addi- 
tional step required: (1) Take moments about one support and find one 
reaction; and (2) find the moment caused this reaction. Similarly, 
extra step required finding deflections simple beam. The process 


would produce upward deflection, aa, the right end the left part were 
held fast. the beam were then rotated whole until the right end rested 
its support, the beam would assume the position which actually does 


and the proportionate deflection Point would aa. 


both the foregoing examples will discovered that the coefficient 
identical the moment, which unit load applied where the 
deflection measured would produce the point that bending. This again 
illustrates the connection between the methods Problems and and 
forms the basis the dummy load formula: 


8 MdL z a 
s, 
r, 
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There are two general methods determining deflections: The foregoing, 
which might referred single integration, and the method double 
integration. The second method particularly adapted determining deflec- 
tions all the division points irregular beam such arch. order 
have something definite and clear cut upon which perform the various 
operations that are involved, the beam should conceived the following 
manner: 


1.—Cut the beam into divisions indicated the dotted lines Fig. 
(The dotted lines are necessary for the explanation but are not essential 
actual design.) 

2.—Set point the middle each division. When the beam sub- 
jected bending the faces Division say, are turned through certain 
angle relative each other, the part the axis this division being bent 


The same happens each the other divisions. 

3.—Instead considering the divisions curved the moments, the beam 
assumed consist series straight lines from point point and 
the bending consist change the angles the joints these lines. 
With the beam thus articulated simple matter visualize any opera- 
tion that has performed. 


Increment 
= x 
Slope 


Deflection= Sum of Increment: 


The deflection cantilever double integration illustrated 
Fig. The process exactly the same for curved beam. straight beam 
was illustrated avoid confusing the reader with two sets angles. For 
any other beam than cantilever the best method determine the rota- 
tion some point first and then proceed from there sum the angles 
the joints. For symmetrical simple beam, symmetrically loaded, this 
accomplished starting the center where the slope zero. may 
noted that the point initial slope and the point zero deflection not 
need the same; the first summation can proceed one direction, and 
the second the opposite direction. 

Influence Lines for the influence line for the 
thrust symmetrical two-hinged arch (see Fig. good illustration 
the foregoing method. Instead placing unit load successive points 


the 
the 
10. 
ll. 
Cre 
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find the displacement the hinges, the vertical deflections points along 
the arch due unit thrust the hinges may calculated, since the 
theorem reciprocal displacements both are alike. Table will 


« 


Center 


ARCH. Fic. 9.—MATHEMATICAL EQUIVALENT 
THE METHOD. 


noted that the lines are double-spaced. Entries opposite the points refer 
some manner the individual points (co-ordinates, angles, whereas 
entries between points refer the lines joining them (slopes, increments 


(2) hinge) 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
0.0 0.0 
16.19 
3.0 16.10 
4.1 5.12 14.1 1.5 0.10 
4.1 16.00 
8.2 3.96 62.1 15.9 4.1 0.26 
4.3 15.74 
12.5 3.00 27.0 17.1 10.8 0.63 
4.3 15.11 
16.8 2.46 14.9 18.0 21.8 1.21 
4.4 13.90 
21.2 2.13 9.66 36.4 1.94 
4.5 11.96 
25.7 1.96 7.53 19.3 49.5 2.56 
4.4 9.40 
30.1 1.88 6.64 19.7 58.5 2.96 
4.4 6.44 
34.5 1.85 6.33 20.0 63.2 3.16 
4.5 3.28 
39.0 1.83 6.13 20.1 65.9 3.28 
2.2 
41.2 20.1 
627.2 


deflection, For divisions constant length, 


which the thickness the section. For unit thrust, and 


>? 
3- 
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equivalent The horizontal displacement between the hinges 


2 
equal and the influence line obtained dividing the deflec- 
tions for unit loads this displacement. 
these operations become more familiar, increasingly difficult problems 


can solved. For example, apply horizontal force Point 
Fig. The moment any point, will and the movement 


When these deflections have been determined simple matter com- 
pute combination vertical and horizontal forces Point which will 
cause horizontal deflection one unit and vertical deflection. The 
formulas for this condition, and for unit vertical deflection, are follows: 

For unit horizontal deflections: 


and horizontal movement 


and, 
(3) 
and, for vertical deflections: 
and, 
2 


Furthermore, not difficult compute the moments and, turn, the 
deflections succession points along the structure due these force: 
Point These deflections constitute the influence line for the 
reaction Point structure fixed Point (Fig. and hinged 
Point because the foregoing process the mathematical 
the Beggs mechanical method for obtaining influence lines. 

This principle will illustrated the the constants for 
unsymmetrical beams variable section. the right end Beam 


4.71 
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(Fig. fixed and the left end rotated through unit angle, the 
resulting end moments can called stiffness factors. The moment End 
will denoted K,; the moment End will denoted Kus (or 


10. 


since will found that the fixed-end moment for either end, when the 
opposite end rotated, the same). Similarly, End fixed and End 
given unit rotation, the moment End will 

For the moment distribution method, and are the usual stiffness 


factors, and and are the carry-over factors. For the slope deflection 
method, 

and, 


Maa = (6; — R) + Kas (6, — R) (8) 


which and are fixed beam moments, the signs being algebraic. 

The method obtaining the foregoing K-factors follows: The clock- 
wise rotation End the simple beam Fig. 10(b) equal the 
deflection End from the tangent End divided and can 
readily shown be: 


for finite divisions, 
(10) 


This rotation will referred The counterclockwise rotation 
Point equal to: 


0, ¢, 
Rotation 
nent (a) 
imi- 
2 2 
1 B 
will 
The 
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obtain the stiffness factors, and simply necessary 

make the rotation Point equal unity and the rotation Point 

equal zero, thus producing the condition illustrated Fig. 10(a), which 

defined these factors. The necessary equations are: 


and, 


Ma das | 


and the solution gives, 


and, 
Similarly, 


typical beam shown Fig. 10(c), and the evaluation these constants 
for this beam contained Table will noticed that multiplying 


Fic. 10(c)) 


Elastic Values 
factor, Values 13a Values Column (1) Column (1) |Column (1) 
(1) (2) (3) (4) (5) (6) (7) 

0.017 169 2.87 0.00 0.00 
0.067 144 9.65 0.80 0.07 

0.147 121 17.79 3.23 0.59 

0.317 100 31.70 9.51 2.85 

0.657 53.22 23.65 10.51 

1.256 80.38 50.24 31.40 

1.718 61.85 72.16 84.18 

0.742 11.87 26.71 60.10 
0.354 100 3.19 10.62 35.40 
0.167 121 0.67 3.67 20.21 
0.078 144 0.08 0.94 11.23 
0.018 169 0.00 0.00 3.04 


One-half section. 


dividing strategic points the number divisions (13) facilitates the 
numerical work. Referring the summation Table 


ary 


12) 


13) 


14) 


| 
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Column (6) squared 10989.2 
13* D 13° (da ds das’) = 52649 
Finally, the stiffness factors are: 
264.9 
13? 
264.9 
and, 
13? 
264.9 


The stiffness factors having been calculated, now simple matter 
apply the equivalent the Beggs method for finding the fixed-beam end 
moments. obtain actual numerical values for the moment Point the 
deflections must determined while End rotated through unit angle 


Elastic 
Moment (from (from Moment (from (from 
(1) (2) (3) (4) (6) (7) (8) (9) 
0.017 4.6319 0.0787 0.000 3.7456 0.0637 0.000 
0.0637 
0.067 3.9875 3.441 3.1129 0.2086 0.064 
0.2723 
0.147 3.3431 0.4914 6.615 2.4801 0.3646 0.336 
2.6823 0.6369 
0.317 2.6986 0.8555 1.8474 0.5856 0.973 
1.8268 
0.657 1.3496 11.124 1.2146 0.7980 2.195 
0.4772 2.0205 
1.256 1.4098 1.7707 11.601 0.5819 0.7309 4.216 
2.7514 
1.846 0.7654 1.4129 10.307 —0.0508 —0.0938 6.967 
—2.7064 2.6576 
1.718 0.1209 0.2077 7.601 —0.6836 
1.4832 
—0.5235 —0.6863 4.687 —1.3163 —1.7257 11.108 
—0.2425 
0.742 —1.1679 —0.8666 2.459 —1.9490 —1.4462 10.866 
—1.3612 —1.6887 
0.354 —1.8123 —0.6416 1.098 —2.5818 —0.9140 9.177 
—0.7196 —2.6027 
0.167 —2.4568 —0.4103 0.378 —0.5368 6.574 
—0.3093 
0.078 —0.2419 0.069 —3.8473 —0.3001 3.435 
—0.0674 
0.018 —3.7456 —0.0674 0.0016 —¢.4800 —0.0806 0.0049 
(Check) —3.5202 (Check) 


and End held fixed, exactly the same mechanical model. Referring 
Fig. 10(a), evident that this condition can realized applying 
End the moment, 
1.06409). 


1.31588), and End the moment, 
Since one the operations will consist multiplying 


ants 
(4) 
| 
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the various slopes (see Fig. 7), will save work this advance, 
using the moments, 3.52 4.6319, and 3.52 3.7456. The 
moments along the beam vary between these two values thirteen equal 
increments, that they are very easily tabulated (see Column (2), Table 3). 


Multiplying gives the angle each joint; one summation 


gives the slope each section (note that the slope End equals 3.52 
check) and the second summation gives the ordinates the influence line. 
similar operation gives the same data for End (Columns (6) (9), 
Table 3). 


The values the moment increments are: 


For Column (2): For Column (6): 
3.7456 3.7456 


8.3775 8.2256 


This same method well adapted influence lines for fixed 
arches, especially the redundants are taken the elastic center the arch. 
has been used successfully unsymmetrical two-span arches, such those 
illustrated Fig. 11(a). this case the statically determinate base system 
and the redundant forces, were assumed shown Fig. 11(b). The 


three deflections due each the three redundants were calculated; then, for 
each influence line, three simultaneous equations were solved make the corre- 
sponding deflection unity and the other two deflections, zero; and through each 
these stages record was kept the rotation the top the center pier, 
serve starting point for summing the changes direction from 
point point. 


Truss DEFLECTIONS 


The geometry trusses, anything, even simpler than the geometry 
beams, since few definite members take the place continually changing 


. H 
1) 
Ya 
xc= 4 


December, DEFLECTIONS GEOMETRY 1539 


infinitesimal elements. Most the methods stress both 
graphic and analytic, have some kind counterpart deflection calculation. 
There distinction, however, the case resolution forces displace- 
ments joint. From the law conservation energy, will observed 
that the relation between displacements only the reciprocal the relation 
between forces, since the product forces and displacements must constant. 
The relation forces joint can represented force triangle 
polygon, and the relation between displacements, therefore, automatically can- 
not. This the reason that Williot diagrams are inherently more compli- 
than stress diagrams. For this same reason the dummy load method 
expedites deflection calculations for single joints panels. 

For complete truss deflections preferable deal with rotations, just 
majority stress calculations are made moments. Most the condi- 
tions that can arise, are illustrated Fig. 13. Consider the deflection 


i= 
= 
= 
= 
a 


13.—-DEFLECTION CANTILEVER TRUSS. 


due change length Member CD. The part the truss bounded 
Points and will remain fixed place. The part bounded Points 
and will rotate unit about Point The extent this rotation 
the stretch Member divided the perpendicular distance from 
Point and the vertical movement Point (or any other point 
the moving part the truss) equal this rotation times the horizontal 
distance Point the member, stretches, the polygon, dDAb, will 
rotate about Point This motion can also treated combined transla- 
tion and rotation about Point Point expressed entirely terms 
the dimensions Panel dDEe’. 

For change length Member. Cd, the rectangle, distorted 
into parallelogram, and the remainder the truss displaced without rotat- 
ing. The movement equal the change length Member (AL) 


Engineering News-Record, November 1934, 565; and Proceedings, Am. Soc. 
February, 1936, 272. 
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times shown Fig. 13(b), because the triangle, CC’ similar 


> 


The actual systematic computation the deflection simple truss 

shown Fig. with Table Fig. 14, the upper values denote changes 


0.813 


5 Panels @ 40 Ft = 200 Ft 
Symmetrical About 
Center Line 


length, AL; and the lower values denote the factor, AL, for chords and 


for diagonals. simple truss this type algebraic signs are 


required since the deformations all members contribute downward deflec- 


Panel Points oints 
Fig. 14) Diagonals Column (2) Verticals 
Rotation Slope Column (3) 
(1) (2) (3) (4) (5) (6) 


2.838 0.690 

0.602 (B) 3.528 0.320 3.848 
2.236 0.853 

0.624 (c) 6.617 0.033 (C) 6.650 
1.612 0.606 

0.650 (D) 8.835 0.320 9.155 
0.962 0.675 

0.632 (e) 10.472 0.033 (E) 10.505 
0.330 0.242 

0.330 (F) 11.044 0.320 (f) 11.364 


tion. alternative method solving this problem, based single, instead 
double, integration has been presented the writer. 


Only few specific applications the theory determining deflections 
geometry have been presented herein. However, what the writer particu- 
larly wishes emphasize that familiarity with the basic rules, comparable 
with the average engineer’s familiarity with forces and moments, will make 
possible improvise methods for solving problems which formerly appeared 
quite difficult. 


Engineering News-Record, June 1934, 746; and Proceedings, Am. Soc. E., 
January, 1936, 134. 
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For any one who interested acquiring proficiency this method, 
few suggested exercises are follows: 


(1) three-hinged arch, write the formula for the deflection some 
point one side due angle some point the other side. This 
involves one more operation than simple beam, just the simple beam 
requires one more operation than cantilever. 

(2) Prove the second part Theorem directly geometry. 

(3) Devise method for the dead load moments two- 
hinged arch such Fig. Then, find what the dead load moments will 
the base fixed, not beginning over again, but simply finding the 
rotation the base the two-hinged arch and then eliminating it, using data 
hand much possible. 


“oe 
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FILTER SAND FOR 
WATER PURIFICATION PLANTS 
PROGRESS REPORT THE COMMITTEE THE SANI- 


TARY ENGINEERING DIVISION 
MATERIALS FOR WATER AND SEWAGE WORKS 


The Committee Filtering Materials for Water and Sewage Works 
presents herewith its report covering extended investigation filter sand 
for water-works. The report two sections; Part includes certain gen- 
eral statements with reference filter sand for water-works, and Part 
presents the detailed results experimental studies. These studies, begun 
1926, have been received with much interest many water-works men, and 
have inspired number other similar investigations. significant that 


many sixteen cities were sufficiently interested set the experimental 
test filters and considerable work co-operation with the investigations. 

The studies have dealt only with sand filtering medium, and not 
other less extensively used materials, such anthracite coal. 


PART REPORT 


INVESTIGATIONS 


Consideration the problem filter sand for water-works the Com- 
mittee has related mainly several series experimental studies under the 
direction James Armstrong, Am. Soc. These studies may 
outlined briefly follows: 


(a) During 1927, batteries seven glass-tube filters were set nine 
co-operating cities using sand supplied Mr. Armstrong layers various 
sizes and with various The results these tests indicated that too 
many variables had been included both the filter sand depth and the 
operating technique. 

(b) The second series experiments was begun during 1932, using the 
same type equipment, but with uniform sand depth all filters and 


the meeting the Sanitary Engineering Division, New York, 
January 16, 1936. Discussion this report will closed April, 1937, 
Proceedings. 


Report the Committee the Sanitary Engineering Division Filtering 


Materials for Water and Sewage Works, Proceedings, Am. Soc. E., April, 1928, Society 
Affairs, 243. 
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uniform laboratory Mr. Armstrong again furnished all the sand 
sieved specified sizes. This series tests produced many valuable data 
lengths filter runs, wash-water efficiencies, sand rise curves, and some 
information with reference floc penetration. 

(c) During 1934, series experiments was run with each glass-tube filter 
filled with sand uniform size. this nature were con- 
ducted Baltimore, Md., and Toronto, Ont., Canada. Data lengths 
filter runs, wash-water efficiencies, and penetration floc were obtained. The 
equipment used, the laboratory technique, and the results obtained, are 
Mr. Armstrong Part II. 


There has been some discussion, engineers and others, the proper 
procedure for the study filter sands for water-works. The Committee has 
been the opinion that, practical matter, knowledge filter sand 
water filters will obtained larger measure from the results actual 
operation filter plants and experimental filters than from theoretical hydrau- 
lic computations. Many variables enter into the operation filter bed, and 
considerable time and study will required determine the fundamental 
basis for studying the separate effect each the variables. However, the 
study the theoretical and fundamental basis for the action 
various filter media should encouraged. 


RESULTS EXPERIMENTAL 


The detailed results are presented Part II, and brief statement only 
will given here. The curves showing the relation between length filter 
runs and sand sizes indicate quite clearly increase length filter run 
the sand size increases. The curves for efficiency washing also show 
better results the size the top sand increases value about 0.6 mm. 
The data penetration floc obtained Mr. Armstrong Baltimore and 
Mr. Allan Toronto, show marked increase penetration with 
increase sand size and the need for relatively deeper sand bed for the 
sizes sand. 

The later studies Mr. Armstrong suggest method for determining the 
proper depth sand bed, taking into account the size sand particles 
which composed. Further consideration this may warranted, 
particularly with reference bacterial pollution the raw water. 


The experimental work was limited small glass-tube filters. 
believed, however, that the results are indicative those that could 
obtained larger test filters, they were well controlled. John Baylis, 
Assoc. Am. Soc. E., has reported iests experimental units various 
sizes which show that the results obtained from glass-tube filters are reliable 
compared with those from test filters with larger surface 

The tests cover some variation the general character water. There 


still some uncertainty the application the test all conditions. 


Materials for Water and Sewage Works”, Civil Engineering, March, 1934, 
158; also, April, 1935, 250. 
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Extensive tests Kansas City, Mo., using the highly turbid Missouri River 
water, give somewhat divergent results that have not yet been explained 
satisfactorily. 

Any relatively short series experiments must considered produce 
results which are only indicative those obtained with plant scale 
operation and with the large number variables which enter into and cannot 
controlled well the plant scale operation. 


Factors 


Any consideration filtering materials should related the other 
elements the filtration plant. The design such plant must take into 
several major items, addition filtering material, such as: 
(a) Quality raw water; (b) capacities for the plant and its elements; 
(c) type and extent pre-treatment; (d) arrangement and structure the 
several plant elements; (e) hydraulics the plant elements; (f) wash-water 
rates and methods application; and (g) miscellaneous auxiliary equip- 
ment and plant fixtures. 

the practice water purification plant design and mainténance, these 
various factors have generally been considered greater complexity and 
importance than the question filtering material, and has been the general 
practice standardize such filtering material upon the basis experience 
and regardless the other factors entering into the design the plant 
whole. Although this practice has generally produced satisfactory results, 
some instances the original selection the filtering material upon such basis 
has not proved the most desirable. 

appears likely that the future somewhat greater attention should 
given the selection the filtering material, together with more careful 
consideration other factors entering into filter plant design. Initial con- 
struction costs well operation and maintenance costs are important and 
frequently are the deciding factors the selection the filtering materials. 


CONSIDERATIONS 


The conditions under which given filter plant must operate and the 
character water must handle are quite variable from day day, from 
season season, and from year year. The filter plant whole, including 
the filter itself, should designed meet these variations and give good 
quality filter effluent all times, including periods when the raw applied 
water inferior quality. 

some cases, the water may difficult pre-treat and, times, with 
given filter the pre-treatment may insufficient, unusual variation 
quality the raw water may occur. The filter the last, and should 
secure, line defense. Although true that under certain conditions the 
operation the filter plant may facilitated during the major portion 
the time, the use coarser sand. the designer must give 
some consideration those possible infrequent periods relatively severe 
loading and should select the material accordingly. 
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PRESENT ENGINEERING PRACTICE 


obtain data present practice filter plant design with reference 
sand size and wash-water rates, inquiry was sent about twenty-two con- 
sulting engineers selected from the “Directory Engineers”, 
News-Record. Data from the answers received are summarized Table 


TABLE 1.—Present Practice Sanp GRADATION 
AND 


GRADING Wash-water 
Authority rate provided for, 
No.: Size, Uniformity inches rise 


milli- per minute 
coefficient 


Anticipate some variation 
maximum wash-water rates 
washing, some similar development. 


Favors air agitation. 
Main objective obtain efficient 24-in. wash. 
Recent design for special conditions. 


30%, size 0.50 mm. 
other methods cleaning sand. 

Maximum seldom needed. 

adjustable pressure valve. 

determined 10-lb. pressure 

ter. 

Finds that provision for liberal wash-water 
not add materially cost 
plant. 


Qa 


gal per ft. 
Trend this office has been toward larger 
sand size and higher wash-water rates. 


1.6 
1.5 
2.5 
1.5 
1.5 


Size sieve numbers and percentages. 

With one exception (Authority No. all the engineering offices use the 
so-called Hazen method for designating sand gradation. The answers 
several instances indicated trend toward somewhat coarser sand. 
also interest compare the present practice these several engineering 
firms with the data collected 1932 Engene Hardin, Am. Soe. E., 
covering filter plants forty-eight sand size used the several 
plants may summarized Table 


Sand size, millimeters Number plants Percentage plants 


Certain cities reported two more filter plants, others reported more than one size sand. The 
the sand size used were: Average, 0.44; minimum, 0.31; and maximum, 0.62. 


Journal, Am. Water Works Assoc., Vol. 24, No. 1190, August, 1932. 
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There also tendency the part some engineers toward higher rate 
wash. Again, the data wash-water rates collected Mr. Hardin may 


TABLE Rates, Prior 1932 


Wash-water rate, inches Rate GREATER THAN GIVEN 
rise per minute 
Number plants Percentage plants 
100 
40 0 0 


The limits the wash-water rates reported were: Average, 23; maximum, 
38; and minimum, 12. 


DESIGNATION 


There has been considerable discussion the proper method designating 
sand Mr. Armstrong believes that the character filter sand can 
adequately revealed only plotting the results sieve analysis, and that 
the top size more indicative its character than the Hazen “effective size.” 
Certain engineers have specified sand actual gradations. Mr. Baylis has 
recently published which seems fit his experimental data quite 
well. The so-called “Hazen wherein the 10% size taken the 
effective size, has been quite widely used. This method deeply rooted 
that will difficult replace it. Furthermore, easy apply and 
seems give fairly reliable results. 


SuMMARY 


The present trend engineering practice indicates range effective 
size sand between the approximate limits 0.40 and 0.55 mm, with 
some indication tendency adopt the coarser sands where permitted 
consideration the various other factors entering into plant design and 
maintenance. The results Mr. Armstrong’s experimental work appear, 
general, justify this practice. 

While these studies did not embrace the entire range variables plant 
conditions, the coarser sands indicate the following general tendencies: 
(1) They produce longer filter runs; (2) they produce better “efficiency 
wash”, defined Part II; and (3) they permit greater penetration floc 
and thus necessitate thicker sand layer. number additional general 
conclusions based the experimental work are set forth Part IT, follow- 
ing the presentation the test results. 

The present status the art water filtration includes many unsettled 
factors. not feasible fix any definite limits for sand size without 


Works and Sewerage, Vol. LXXXI, No. 162, May, 1934. 


5“The Status Methods for Examining Filter Sand Used Water Purification 
Paul Hansen, Am. Soc. E., Proceedings, Am, E., April 1927, 
Society Affairs, 168, 
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giving consideration the other factors, including costs, that enter into the 
design and operation filtration plant. 

The Committee believes the results the present study will have 
decidedly beneficial effect water filtration practice. 


PART RESULTS EXPERIMENTAL STUDIES 


INTRODUCTION 


recent years, the difficulty keeping filter beds clean, the trouble inci- 
dent clogging the sand, and the shortening filter runs, have been the 
subject much discussion. Filter operators and engineers are frequently 
being confronted with the question whether not the size sand and the 
depth bed most generally accepted standard are, after all, those best 
suited filter requirements. 

There are too many factors entering into the problem determining 
proper specification for filter sand arrive any satisfactory conclusion 
along purely theoretical lines. Therefore, effort answer empirically 
some the questions was undertaken through series experiments, which 
were conducted through the co-operation filter plant operators who had 
the time, training, and equipment necessary for carrying such work. 

Locations were selected secure wide range the character 
raw water filtered. The following types were used: The highly turbid 
and alkaline waters the Middle West; the water from the Great Lakes, 
which contains great numbers organisms; and the softer and more highly 
colored water the Atlantic seaboard. Experiments covering waters 
diverse character should more valuable and greater weight than 
similar experiments conducted single locality. 

All experiments the series begun 1932 were conducted far 
possible under identical conditions. The co-operating cities used similar sand 
and worked under the same instructions governing the details the experi- 
ments and the technique used. 

During 1934, experiments were conducted Toronto and Baltimore 
sand filters uniform size. From the data secured, formulas were devised 
for designing filter bed unscreened sand. The labor involved was con- 
siderable, and slightly different technique was developed independently 
each place. was thought best not try secure exact harmony methods, 
especially the results obtained are fairly close accord. 


Score 


Three criteria were selected for judging the suitability any particular 
filter sand: (1) Its efficiency removing suspended matter from the water 
coming the filters; (2) its ability pass large volume clear 
water between washes; and (3) the ease with which can cleaned the 
application wash-water. 

the course conducting the experiments, number lesser but inter- 
esting matters were investigated, such the effect the viscosity water 
upon the washing the filter bed; and the hydraulic grading the sand. 
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Experiments were also run eight grades sand uniform size, order 
determine the minimum depth bed that will deliver clear effluent with 
8-ft loss head. 

effort has been made determine the laws governing the flow clean 
water through clean sand. Although such experiments would consider- 
able interest, believed that there are too many variable factors entering 
into the problem filtration make such investigations immediate prac- 
tical value, and that they would little help any one charged with the 
responsibility selecting filter sand operating filter plant. 


The eight top sizes used the 1933 experiments were thought cover the 
entire range that could expected filter plant operation, the finest being 
and the coarsest, 1.75 mm. was anticipated that the finest size 
would give runs altogether too short for the best operating conditions, and 
that the coarsest would probably pass floc very shortly after the filters were 


put operation. 
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Throughout these experiments, effort was made define sand size 
terms effective size and uniformity coefficient, the sand was graded 
arbitrarily layers predetermined depth and size. The depth the 
different sizes each shown Fig. 

The term, top size, was generally employed designate that specific 
filter, and was used whenever sand sizes were required for plotting curves. 
The term, effective size, ordinarily employed, was not used, because with the 
sand grading determined upon for these experiments, seemed have 
real significance; with the fine sands, most the work filtration occurs 
the sizes finer than the 10% size; whereas, with the coarse-grained sands, 
most the work effected the part the bed containing materials larger 
than the 10% size. 


Fitter Nos.: 
Description 


Effective size, millimeters 


Uniformity coefficient 1.98 1.57 


For the sake those who are used thinking the terms 


employed, the effective uniformity coefficients the sands from 
the eight experimental filters Baltimore, are given Table values 
were determined the usual manner. 


Basic AND DEFINITIONS APPLYING THE EXPERIMENTS 


Clean Sand.—All filter runs shall started with clean sand. 

Clear filter effluent considered clear when its turbidity does 
not exceed 0.2 ppm, determined Baylis similar turbidimeter. 

Filter filter run considered complete when the loss head 
reaches ft, the rate filtration being about 125 gal per acre per day 
and the effluent clear, when the turbidity the effluent exceeds 0.2 ppm. 
The condition reached first terminates the run. 

Rate Filtration—The maximum rate filtration shall 125 000 000 gal 
per acre per day, and filtration shall maintained nearly possible 
that rate. 

Properly Treated Water—A water properly treated when contains 
turbidity. 

Colloidal Turbidity—Colloidal particles are those having diameter less 
than 500 (millimicrons). Accurate detection colloidal particles 
only possible the use the ultra microscope, which utilizes the principle 
the Tyndall light beam, converging small point and reflecting the 
illuminated particles. Particles with diameter less than will 
not settle under the influence gravity. 

Laboratory laboratory check for determining properly treated 
water filter quantity through very fine-grained filter paper. Any 
turbidity the filtrate considered colloidal dimensions. 
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Bacterial Tests—Some the cities were already doing all the bacterial 
work their laboratories would permit, and others pre-chlorinated their water, 
making bacterial tests individual filters useless. view these difficul- 
ties, and consideration the fact that regular plant operation spark- 
ling clear filter effluent usually good bacterial quality, was decided not 
make any bacterial tests. 

Critical Depth.—Critical depth the term used designate the maximum 
depth which silt will penetrate into bed uniformly graded sand 
loss head when the filter delivering clear effluent, rate 
about 125000000 gal per acre per day. defined that point beyond 
which the turbidity water washed from the portion considered less than 
ppm, when the volume wash-water used the proportion liter 
each in. sand depth. The volume sand thus represented 
approximately 19.75 and its weight approximately grams. 

Turbidity term, “turbidity factor”, was used designate 
the product the turbidity quantity water, parts per million, multi- 
plied its volume, liters. used the formula for determining the 
efficiency wash and applies only the wash-water collected from the primary 
and secondary washes the small experimental filters. 

Top size the term applied the rated size the sand 
the top layer filter bed. 


Although the grading filter sands shown Fig. was purely arbitrary, 
and could not secured using any natural sand, definite method was 
followed. filter contained total in. sand. Ten different sand 
sizes were used the experiments. The first filter was filled with ten different 
layers, each 0.2 depth. the second filter, the finest size was omitted 
and the tube was filled with layers equal depth each the nine remaining 
sizes. each the succeeding filters this process was repeated, until 
Filter No. there were only three sizes, each in. depth. This arrangement 
produced each filter progressive grading sand with sufficient depth 
the top layer remove most the suspended matter coming the filter, 
except the coarse-grained 

great quantity sand was screened through laboratory sieves for the 
graded sand tests, and was not result, some irregularity 
occurred the grading used the various places, which affected some 
extent the results the tests. the experiments with sand uniform size, 
all the sand was carefully re-screened and any fine material that remained 
the tube after hydraulic grading, was removed. 


Hours 
One the surprising things revealed the experiments the 
Filters Nos. and which had top sand size 1.17 and 1.75 mm, respec- 
tively, frequently gave long runs without passing floc. The average time 
service Filter No. all co-operating cities was approximately 180 hr. 
study the curves showing the relation between sand size and hours 
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Service 
ny 


Hours 


: Filter Numbers 
0.37 0.43 0.50 0.60 0.76 0.95 1.17 


Sand Size in Millimeters 


2.—RELATION BETWEEN SAND SIZE AND SERVICE, EXPERIMENTAL FILTERS 
WITH GRADED SAND (COMPOSITE CURVES). 


of 


Hours 


Filter Numbers 
0.37 0.43 0.50 0.60 0.95 1.17 
Sand Size in Millimeters 


3.—RELATION BETWEEN SAND AND SERVICE, BALTIMORE 
EXPERIMENTAL FILTER, WITH UNIFORM SIZE SAND. 
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service (Figs. and 4), both those the composite type, and those the 
individual runs the various cities, showed with few exceptions increased 
length service the size the sand increased. The position the curves 
from the different cities varied considerably the hours service scale, but 
when the composite curves these cities are compared, they show more 
uniform trend than would expected from the individual filter runs. 

Richmond, Va., Chicago, Tulsa, Okla., and Baltimore, Md., most 
the runs Filters Nos. inclusive, were terminated loss head. 
Filters Nos. inclusive, the runs were more frequently terminated 
passing floc than loss head. Baltimore had one, Toronto two, and Tulsa 
five runs Filter No. that were terminated reaching 8-ft. loss head. 
The very short runs Chicago and Cleveland, Ohio, can accounted for 
the presence large numbers micro-organisms the raw water. 


Sand Size Millimeters (Baltimore) 
0.60 0.76 0.95 1.17 
Filter Numbers (Baltimore) 
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Uniform Size 
Toronto 


Filter Numbers (Toronto) 
0.251 0.355 0.503 0.711 1.000 1.409 


Sand Size in Millimeters (Toronto) 


4.—RELATION BETWEEN SAND SIzE AND SERVICE: 
COMPARISON COMPOSITE CURVES, 


comparison the composite hours-of-service curves the 1933 graded 
series for all cities and the 1935 uniform series for Baltimore (Fig. 4), shows 
surprising similarity trend and position except for Filter No. com- 
parison the graded series with the uniform size series indicates that some 
the runs the graded series were probably terminated before the floc pene- 
trated beyond the top layer. The sand Filter No. the graded series 
was not deep enough, and the runs were generally terminated the passing 
floc, which accounts for the flatness the slope the curve. The runs 
for the Toronto uniform series (Fig. 4), are shorter than those made Balti- 
more, but they are comparable with those other places where the number 
micro-organisms high. 
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Micro-OrGANISMS 


will noted from the curves that the lengths filter runs are very 
much shorter some cities than others. The shortest runs were observed 
cities the water supplies which were taken from the Great Lakes from 
large impounding reservoirs. The presence organisms sufficient num- 
bers shorten filter runs materially, occur more frequently late summer 
and fall, but organisms sometimes appear large numbers other seasons 
well. If, some localities, filters containing sand given size show 
marked decrease length runs, the possibility trouble with micro- 
organisms should not overlooked. 


extremely desirable that the filter beds should kept clean and that 
there should little residual sediment left the sand bed after washing 
possible. ordinary filter plant not possible determine how 
much sediment actually left the bed, but known that, after few 
years, sometimes becomes necessary remove, wash, and replace all the 
filter sand plant. 

Considerable was learned about the washing filters simply observing 
the behavior the sand under the influence wash-water. the filters con- 
taining fine sand, the penetration was very slight. thin layer 
compact sediment forms over the top the sand surface, which readily 
broken under the influence wash-water. However, instead being carried 
out with the ordinary floc, portions settle back into the sand bed. The 
wash-water does not easily clean fine-grained filter beds, and will often 
adhere the individual grains after being subjected velocity sufficient 
lift the sand over the gutters ordinary filters. The floc adhering the 
fine grains reduces their specific gravity and, because the high expansion 
the sand, the space between the individual grains increased the point 
where the velocity the wash-water not sufficient properly remove the 
turbid water, unless increased rate that would endanger the loss 
sand. 

There are three reasons why the fine sand not properly cleaned during the 
washing period: The fineness the small grains makes possible for the floc 
envelop them entirely, the irregularity their surfaces makes difficult 
remove the floc after has become attached and ordinary rates the sand 
expansion great enough prevent the striking together the grains with 
sufficient force loosen the floc, and the mass each grain small that 
there little effect when they strike. Even the laboratory, where the 
sand put beaker with water and stirred with glass rod, very 
difficult remove all the floc. 

The behavior the filters containing coarse sand very different. The 
filter runs are materially longer, and produce accumulation loose 
top the filter that does not, except after very long runs, form into tough 
cake does the fine sand filter. the the filters with 
coarse sand will penetrate the bottom the sand layer, but takes 
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surprisingly long time. Upon washing, the mud cake top the filter 
generally easy break, and particles not often settle into the filter bed. 
higher velocity wash-water required lift the coarse sand. While 
suspension the particles not grade hydraulically, any strict sense 
the word; the grains different sizes are continually rising and falling; 
and the contacts thus made loosen the and permit pass out the 
filters after relatively short wash. The water above the sand left clear, 
and when the sand settles back into place, with only small amount 
adhering it. 

From these observations, appears that, order keep filter bed clean, 
certain minimum velocity wash-water necessary. this velocity 
high enough agitate the sand properly, the cleansing effect the water 
will greatest with that sand which has the lowest expansion. 

Two-Period Washing.—Observation the small filters during the washing 
period indicated that filters can kept cleaner applying the wash-water 
two separate rates. First, the sand should lifted just high enough 
agitate and loosen any adhering silt; then should expanded further 
amount rate sufficiently high clear the filter bed any loosened sedi- 
ment. This observation apparently borne out limited practical 
experience large filters. 


EFFICIENCY 


simple formula has been devised indicate the efficiency filter wash. 
The wash divided into two parts: Primary and secondary. The primary 
wash corresponds that ordinarily performed filter plant, and the secon- 
dary wash consists washing out all the sediment that remains the filter 
bed after the first operation completed. The efficiency filter wash 
the percentage total sediment deposited the sand during filter run that 
removed the primary wash. 

The procedure washing follows: All the water used the regular 
primary wash collected bucket. After the primary wash com- 
pleted, the water drawn down within few inches the sand surface, and 
sufficient wash-water then admitted just lift the sand. wire grid, 
bent like potatoe masher and secured right angles the axis light 
steel rod, then worked and down through the sand, loosening all the 
suspended matter from the grains and breaking any small mud particles 
remaining the filter bed. soon the sediment all loosened, the filter 
again washed higher rate and all the effluent caught bucket. 
The volume and turbidity both primary and secondary washes are then 
determined. The efficiency then computed from the formula, 


which percentage efficiency the filter wash; turbidity factor 
the primary wash turbidity factor the secondary wash 
the average turbidity the total volume wash-water, 
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parts per million; and total quantity wash-water, liters, recorded 
the nearest one-hundredth. The subscripts, and refer, respectively, 
primary and secondary wash. 

Four factors affect the efficiency filter wash: The velocity water 
passing upward through the sand bed; the duration the wash; the size 
the sand grains; and the temperature the water. 

The data efficiency wash received from each co-operating city were 
plotted. Composite curves from seven cities are shown Fig. and those 


from single city, Tulsa, are presented Fig. These experiments were 


performed the graded filters, and each case the sand size shown the 
size the top layer. 


Wash 


of 


100 


Efficiency 


3-51° 56°F 


No. 4-53° 55°F 


— 


Wash 


Percentage 


Percentage Efficiency of 


Filter Numbers 
0.37 0.60 0.76 0.95 1.17 
Sand Size Millimeters 


5.—EFFICIENCY WASH, EXPERIMENTAL FILTERS TULSA, OKLA. 


These curves show much wider variation than those for the hours 
service. The greater irregularity can probably accounted for the num- 
ber variables affecting the results—the velocity and the viscosity the 
applied water, the duration the wash, the character the silt deposited 
the sand bed, micro-organisms, and the personal equation. 

The composite curves first sight seemed have little value, but 
believed that they represent what might considered normal trend and 
that they smooth out the irregularities due the number variables that 
seemed impossible evaluate studying the curves from the various cities. 
Much the apparent inconsistency the observed data would disappear 
all the factors involved could appraised correctly. 

comparison the composite curve the efficiency wash and that 
for the hours service the various cities shows that the sand increases 
size, the value both increases and including Filter No. and, 
number instances, there increase value for Filter No. 
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0.37 0.43 0.50 


4 5 6 7 8. 
Filter Numbers 
0.60 0.76 0.95 1.17 1,75 


Sand Size in Millimeters 


6.—EFFICIENCY WASH (COMPOSITE CURVES). 
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0.60 0.76 0.95 1.17 1.75 
Sand Size Millimeters 
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the curves Fig. are studied connection with those Fig. 
which show the average rate applying wash-water, will noted, especially 
with the finer sands, that the cities using the higher rates wash did not 
hold the- highest place the scale efficiency. The curves also indicate 
that coarse sands are more efficiently washed than fine sands, and that the 
rate applying wash-water should increased the sand size increases, 
There appears optimum rate for washing, and increase the rate 
beyond that point only results decreased efficiency. The optimum rate 
lower when the water cold. 

also interesting note that, although lower average rate applying 
wash-water was used Baltimore than any other city, yet the was 
better the filters containing the finer sizes sand, than most places 
where much higher rate wash was used. With the filters containing the 
coarser sand, the rate wash was too low Baltimore for the best 


EXPERIMENTS WITH SAND 


The experiments with sand uniform size were undertaken the hope 
securing basic information regarding each grade sand, that would 
valuable designing filter beds and interpreting the results other 
experiments. Baltimore and Toronto were the only cities co-operate 
this series. 

Twelve runs for determining the critical depth were made Baltimore 
and four Toronto. The technique varied somewhat, with the result that the 
two cities used slightly different methods reporting their experiments. 


Accumulated Turbidity in Parts per Million 
600 


800 


FILTER NO. 
Run | Hours | Temperature 

No. | Service F 


36° 38° 
37° 38° 
38° 39° 
40° 
39° 40° 
45° 
49° 51° 


Depth of Sand in Inches 


Sand Size 0.60 mm 


Maximum Penetration was Observed in Run No. 3y 


Accumulated Turbidity 
Hours of Service 


Ratio= 


Fic. ACCUMULATED TURBIDITY CURVES, BALTIMORE EXPERIMENTAL 
WITH UNIFORM SIZE SAND. 


Experimenters Toronto recorded turbidities “turbidimilligrams” (see 
Appendix), Baltimore, the term, “accumulated turbidity”, was used. The 


Dec 
worl 
plot 
adde 
curv 
and 
the 
runs 
the 
mur 
App 
r 
was 
= 
4 
6 5 15.2 \—% 
x 
10 
: ; — i | 
45° 
ace 


SAND FOR WATER PURIFICATION PLANTS 1559 


work done the two cities comparable, but, Baltimore, the results were 
plotted accumulated turbidities; that is, the turbidity each section was 


not added the previous one (see Fig. 8). this method any point the 
ate curve represents the total quantity sediment the bed between the surface 
the and the depth which the point taken, and the slope the curve indicates 


the intensity the penetration the sand bed. 

Penetration Curves.—For the critical depth experiments, sand was placed 
the tubes depth estimated greater than critical, and the filter 
runs were begun and continued until terminated 8-ft loss head. (If 
the sand depth originally provided was not sufficient give clear effluent 
this head loss, was increased before the next run was made.) The maxi- 
mum penetration was then determined the manner described the 
Appendix. 


The critical depth for each filter, used plotting Fig. was the maximum 
obtained any run that filter. The maximum depth penetration 
was almost all instances well below the points where the cumulative curves 

ope take sharp downward turn. 

her Sand Size Millimeters (Baltimore) 

0.76 0.95 1.17 1.75 

Filter Numbers (Baltimore) 

ore 

the 


Inches 


in 


Penetration 


Filter Numbers (Toronto) 
0.251 1.000 1.409 
Sand Size in Millimeters (Toronto) 


Fic. 9.—MAXIMUM PENETRATION FLOC EXPERIMENTAL FILTERS. 


The penetration curves fell into two distinct groups: Those for runs made 
when the temperature the water was below 45° and those for runs 
45° and above (Fig. The fact that, with warmer water, the runs were 
shorter, and that the silt did not penetrate deeply into the sand bed, can 
accounted for partly the presence large quantity organic matter 
the water such times. The deeper penetration occurred over the same 
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temperature range that affects the chemical treatment water the most; 

namely, that which the viscosity the water the greatest. These facts 

suggest the possibility using shallower sand bed climates where the 

a 

6 7 8 
Filter Numbers 4 


0.37 0.43 0.50 0.60 0.76 0.95 1.17 
Sand Size in Millimeters. 


Fic. 10.—PENETRATION FLOC EXPERIMENTAL FILTERS, SHOWING VARIATION WITH 
TEMPERATURE. 


1.75 


temperature the water does not fall below 45° also points 
strongly the probability that the maximum depth penetration, the 
critical depth any grade sand uniform size, proportional 
the square the diameter the average size the sand grain (see Table 5). 

Comparison Uniform and Graded Sand for sand filters 
uniform size and those for graded sand filters revealed the same general 
characteristics; that is, that the hours service and the efficiency wash 
increase the sand size increases. These characteristics are more marked, 
and there less variation from the mean, with sand filters uniform size. 
The greater uniformity slope the various curves would indicate that 
filters composed sand single size would more dependable than graded 
sand filters. 


Bep 


submitting data for designing filter bed, with the belief that 
local sands can often used without screening. Some sands, however, 
account their peculiar grading, are not suitable for filter purposes unless 
combined with other sands. general, the various sizes grades sand 
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particles may divided into three groups: too fine for filter 
purposes; (2) grades suitable for the filtering medium; and (3) grades too 
coarse for filter purposes, but valuable supporting medium. After making 
sieve analysis, the first step designing filter bed select the proper 
limits for each these zroups. 

does not seem possible establish, arbitrarily, rigid standard 
procedure, would well, before deciding upon the dividing line between 
Group (1) and Group (2), give special consideration the effect the 
choice upon the following: The length filter runs; the cost wash-water; 
the efficiency filter wash; the cost removing the fine sand; and the 
advisability adding small percentage specially graded sand. 


Sand Square Average average Sand Square |Average average 

meters size meters inches sand size 

squared squared 


BALTIMORE, MARYLAND (AVERAGE TWELVE Runs) Ont., CANADA (AVERAGE Four Runs) 


0.37 0.1369 2.00 0.251 2.52 40.00 
0.43 0.1849 2.57 13.90 0.355 |0.126025 3.20 25.39 
0.50 0.2500 3.50 14.00 0.503 5.72 22.61 
0.60 0.3600 5.62 15.61 0.711 |0.505521 8.48 16.76 
0.95 0.9025 11.44 1.409 37.68 18.97 
Average Average 

Average, Average, 

omitting omitting 

Filter 


Average size passing and size retained. 


The following method based formula suggested Mr. Allan, 
Toronto, for determining the depth filter bed when sieve analysis 
the sand under consideration, and the critical depths its various grades, are 
known. based the assumption that the “depth” each grade sand 
the completed filter proportional the percentage weight that 
grade the given sand, and that the filtering ability each grade 
inversely proportional its critical depth. Let: 


grade sand determined experi- 
ment. 


the percentage, weight, each 
grade sand under consideration 
determined sieve analysis. 


that 


shown sieve analysis, those 
sizes that are considered satisfactory 
and for the filtering medium. 
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100 the corrected percentages each grade 
sand required build the new fil- 
tering medium. 


inches, placed finally the 
bed filtering medium. 


sand comprising the filtering medium, 
percentage the filtering ability 

the complete bed. 


The filtering abilities all grades sand, their respective critical 
depths, are equal. the new bed the filtering medium, dm, must have the 
same filtering value. The filtering ability any grade the filter, pro- 
portion the total required, is, therefore, equal the depth that grade 


total depth sand placed originally the filter; percentage, 
weight, shown sieve analysis, sand too fine for filter purposes; 
and percentage, weight, shown sieve analysis, coarse sand, 
which will form the supporting medium. Then, 


The depth, inches, fine sand removed from the filter 
and the depth the supporting medium 

For example the application these formulas, see Table The 
sieve analysis used the example, that sand submitted for filter 
purposes, and assumed that the portion finer than 0.60 should 
removed. The factor safety assumed one-fourth the depth the 
filtering medium. 


Should the sand from filter replaced coarser grade less depth, 
possible account the increased free-board, that there would not 
sufficient velocity wash water properly remove the silt washed from 
the sand, unless its rate application were increased. 
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Sieve Grad sand, WEIGHT 
(1) (2) (3) (4) (5) (6) (7) (9) 

0.60 9.0 5.36 7.08 0.79 

Howard and Morse sieve. used experiments. From Fig. 


order test the formula, filter bed was graded accordance with 
the example, and extra depth 25% was added factor safety. 
The test resulted 
penetration 
than one-half the 
depth the sand 
bed. this case 
evident that 
25% increase 
depth gave more 
than 25% addi- 
tional filtering abil- 
ity, and prevented 
close check the 
example. 

The sand was 
then removed and 
graded exactly 
accordance with 
the 
without any extra 
depth factor 
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runs were then made without having the silt penetrate the bottom the 
filter bed any (see Fig. 11). 

More tests should run the reliability the formula, but 
those cited previously ean considered indicative the 
formance would appear that rational method has last been developed 
for determining the proper depth filter bed. 


investigation was made the effects the shape sand upon the 
filtering washing processes, but believed that round, smooth, sand 
grains are more desirable than irregular angular ones, they are more 
readily cleaned adhering silt, and the removal additional quantity 
silt would result better filter efficiency. This observation based 
the fact that smooth gravel more easily cleaned than rough 
also believed that thin, flat, sand grains would more readily com- 
pacted and would tend build loss head faster than smooth grains. 

Theoretical discussions the laws governing the 
flow clean water through sand have created quite interest, and those 
who investigate the matter are referred Roberts Hulbert 
and Douglas Feben, the Rapid Filter Sand,” and one 
Gordon Fair, Am. E., and Loranus Hatch, Jun. Am. 
E., entitled “Fundamental Factors Governing the Stream Flow 
Water through interesting thesis has been written Messrs. 
Factors Affecting the Hydraulic Properties Rapid Filter Sand” (1933). 

Supporting Data—Only small portion the data collected during the 
experiments could embodied this report, but believed that enough 
has been submitted show the methods that were used and the results 
obtained. The total mass essential data has been collected several vol- 
umes and placed Engineering Societies Library, New York, Y., 
where available any one interested. 


good effluent can secured with any size sand, provided 
the filter bed proper depth. 

Depth Filter depth filter bed should increased the 
sand size increases. For sand uniform size the critical depth, which 
roughly proportional the square the diameter the average size the 
sand grains, can used guide. For graded sand, the depth filter 
bed may designed correctly sieve analysis the proposed sand and 
the critical depth each grade are known. 

Hours Service—The number hours properly graded filter can 
run between washings, increases the size the sand the filter bed 
increases. 


Journal, Am. Water Works Assoc., Vol. 25, January, 1933. 
cit., November, 1933. 
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Wash.—The filter wash for any given grade 
sand, primarily dependent upon the rate which the water applied. 
also affected the viscosity the water, and, slight extent, the 
duration the wash. Better efficiencies are secured with coarse sands. 

Washing rate applying wash-water should increased 
the sand size the filter bed and the temperature the water increases. 
wash-water applied too high rate, the efficiency the wash 
With graded sand, good results can obtained with rates 
ranging from rise in. per min for fine sands; and in. for sand 
about 0.6 diameter. With sands having top size from 0.76 
1.75 mm, the rate should stepped the size increases maximum 
vertical rise per minute between and in. few tests sand 
uniform size indicate, especially with the coarser grades, that lower rates 
can used satisfactorily the uniformity coefficient approaches unity. 

Sand experiments seem indicate that sand beds with top 
sizes ranging diameter from 0.6 1.00 will give very satisfactory 
results; that sizes 0.5 and less give short runs, require frequent wash- 
ing, and are difficult keep clean. Excellent results can secured with 
graded sands having top size from 1.00 1.75 diameter, but 
the upper limit size approached, the depth bed and rate wash 
should inereased beyond those ordinarily used. 

Uniform Size the findings limited number tests can 
filter bed should composed sand uniform size. 
There seems greater uniformity the hours service and efficiency 
wash for any grade sand, one size only. Coarse-grained filters 
can satisfactorily washed lower rate than graded filter beds the top size 
which the same diameter the uniform bed. 

General summary presented with thought 
finality, especially where figures are concerned. believed, however, that 
the limits given are confirmed the experiments, and that the information 
gained will helpful guide determining the size and depth sand 
bed. The character water, and other local conditions, vary greatly 
different parts the country, that not possible set any standard 
that would generally acceptable. 

Cost, most instances, will probably the deciding factor the selec- 
tion sand. When this the the possibility using local sand 
should considered. all cases balance should preserved 
between the cost ideal sand bed and the handicap that will result from 
compromise. Fine sands mean frequent washing and more trouble the 
maintenance filter bed, while coarse sands may mean deeper filters and 
larger piping and valves. 
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APPENDIX 


Before starting the experiments 1927, the Committee sent question- 
naire all State Sanitary Engineers learn, possible, the reasons gov- 
erning their requirements relating the size and depth filter sand. The 
answers indicated effective size use ranging from 0.2 0.65 
diameter, and depths filter beds from in. Apparently, sand was 
selected matter custom simply the grounds personal opinion, 
and there was evidently little information that would permit rational 
selection made. 

After studying the results the questionnaire, was decided ask 
number cities co-operate conducting experiments with glass 
filters, and nine them actually built and operated battery seven small 
glass filters with inside diameter approximately in. One the 
units was used for comparing results with plant performance and was filled 
with sand from one the large filters. 

the experiments proceeded, many questions arose regarding the tech- 
nique. was found difficult secure uniform results, largely account 
the varying conditions under which the co-operating cities found neces- 
sary operate the small filters. The time necessary conduct the experi- 
ments, especially effort was made determine the bacterial quality 
the filter effluent, was more than some cities could devote the work. 

After comparing the reports all the co-operating cities and studying the 
results their experiments, there was found more uniformity than was 
first apparent, but there were too many variables make the comparisons 
entirely satisfactory. The tests seemed indicate that the coarser sand 
gave longer filter runs with equally good effluent, but the fact that the 
depth the top layer well the total depth the sand bed varied, made 
difficult evaluate the effect size sand the length run. All the 
top layers were carefully screened nearly the specified size possible, 
but was believed that most the work the filters would done the 
top layer, the remainder the bed was looked upon less filter than 
supporting medium. 

The necessity for carefully planned technique for regulating every stage 
the experiments became more apparent time went on, but was not 
until the spring 1932 that there was sufficient agreement among those co- 
operating the experiments permit the drafting set instructions 
that would generally acceptable. From the earlier experiments much was 
learned that proved helpful preparing for and conducting the later work. 
description the 1927 series tests conducted Denver, Colo., was 
written® Mr. Ripple; the St. Louis experiments were 
Mr. August Nolte. Mr. Marshall discussed the experiments 
Cleveland, paper presented before the Ohio Conference Water Purifica- 


Journal, Am, Water Works Assoc., Vol. 23, 1317. 
Loc. cit., 1811. 
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tion Plant Operators, October, 1932; and Mr. Allan published 
paper” the experiments conducted Toronto, including those sand 
uniform size. 


When the second set experiments was undertaken, the program was 
simplified and the number objectives was reduced, but there still remained 
some difficulties the matter technique. satisfactory 
set instructions was finally drawn the spring 1932. The remainder 
this Appendix relates solely these later experiments. 

the instructions sent the co-operating cities, the different items 
investigated were grouped follows: 


Primary Data Secured.—Filtration: determine for the various 
sizes sand: 


(1) The ability the filter bed prevent the passage floc; 
(2) The length run; 

(3) The volume water filtered during the run; and 

(4) The effect temperature length run. 


Washing: determine for the various sizes sand: 


(5) The best rate applying wash-water clean the filter bed 
and 
(6) The effect temperature washing rates. 


Secondary Data Secured.— 


(7) The velocity water required for lifting sand various sizes 
carefully measuring small increments, sufficient height 
above the surface the filter bed permit the plotting 
sand rise curves; 

(8) The depth floc penetration and the volume floc retained 
filter beds during the period between washings; 

(9) The extent hydraulic grading sand under the action 

(10) The effect temperature and viscosity water sand rise; 
and 

(11) The effect any unusual local conditions that may due 
organic content water, alkalinity, turbidity, color, iron, 
manganese. 


inviting cities co-operate with the Committee conducting the 
experiments, effort was made secure those which the water supply 
would representative different types. Two separate sets experiments 
were undertaken, and sixteen cities went the expense and trouble build- 
ing batteries small filters and carried the experiments for more 
less extended period. There were other cities that wanted undertake the 
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experiments, but did not have sufficient personnel justify their doing so. 
Some the cities that undertook the task, found that was not possible 
carry the experiments without employing additional help; others after 
making start realized that they had employees qualified for the under- 
taking; and every city found difficulty times conducting the experiments, 
due vacations and extra work incident regular plant operation. 

only natural that some cities had much better facilities for con- 
ducting experiments than others, the results should reflect those differences, 
especially the amount work accomplished. Nevertheless, all the co- 
operating cities deserve great credit, and some did painstaking and careful 
work excellent quality. Some them worked only the first set and some 
only the second set experiments, while others conducted both sets. 
The following are the cities co-operating: Baltimore, Md., Chicago, 
Cincinnati, Ohio, Cleveland, Ohio, Denver, Colo., Kansas City, Mo., Omaha, 
Nebr., Providence, I., Racine, Wis., Richmond, Va., Sacramento, Calif., 
Springfield, St. Louis, Mo., Toronto, Ont., Canada, Tulsa, Okla., and 
Washington, 


order better understand the conditions prevailing the cities 
which the experiments were conducted, brief description the sources 
from which the water supplies are received, and the methods treatment, are 
given herein. 

Baltimore, Md.—The water supply Baltimore obtained from the Gun- 
powder River, which has water-shed above the intake 303 miles. The 
water impounded Loch Raven Reservoir, which holds 000 gal. 
The water conveyed through tunnel seven miles long Montebello 
Filters, where treated with alum. then passes through mixing basin 
(round-the-end type), and through settling basins from capacity, 
and then filtered. The turbidity the water coming the plant during 
the period covered the experiments averaged ppm and the water going 
the filters had average turbidity ppm. the latter part 
the summer, trouble generally experienced with the presence large num- 
bers micro-organisms, and during the fall months the presence man- 
ganese the water necessitates change treatment from alum lime 
and iron. 

Chicago, Ill—The experiments Chicago were conducted large, 
well-constructed plant, planned for experimental work, and provided with 
adequate mixing and settling facilities. The raw water was taken from Lake 
Michigan, 68th Street. generally very low turbidity, but extremely 
high the number micro-organisms. Alum was used coagulant. 

Cleveland, experimental filters Cleveland were set the 
Division Avenue Filtration Plant, which receives its supply from Lake Erie. 
The water passes through mixing basins and settling basins before going 
the filters. The raw water usually rather low turbidity, averaging 
ppm, but very high micro-organisms. The turbidity the water going 
the filters averages about ppm. 


of: 


> 
> 

j 

> 


1570 FILTER SAND FOR WATER PURIFICATION PLANTS Reports 


Kansas City, water supply Kansas City taken from the 
Missouri River, and varies greatly turbidity, reaching maximum 
about 20000 ppm. The water passes through fully equipped purification 
plant, and the average turbidity the water going the filters about 
ppm. Alum used coagulant. After leaving the filters, the water 
pumped through miles 90-in. pressure tunnel, and several miles pressure 
supply lines large reservoirs, before pumped into the distributing 
system. 

one the co-operating cities, Kansas City did large amount 
painstaking and careful work, but study the results obtained from the 
experimental filters revealed characteristics different from those obtained 
any other place. Dr. George Gilkerson, who has charge the laboratory, 
states: 


“The average raw turbidity Kansas City plant approximately 3000 
parts per million. This load carried the purification works follows: 
presedimentation, 85%; primary coagulation, final coagulation, 
filters, 

results would indicate that the average turbidity the 
applied water was approximately parts per million. This turbidity 
ordinarily caused very large percent very finely divided suspended 
matter and relatively small amount chemical floc. operator plant 
handling comparatively clear supply would unhesitatingly state visiting 
our plant that the applied water was undercoagulated, and way suitable 
for filtration. The results obtained our plant, however, not bear out 
this assumption. 


* * * * * * * * *% 

“Some conclusions are drawn [from results with experimental filters 
other cities], which, from the data collected, are unquestionably true. The 
writer, however, feels just positive that the results obtained [in these 
could not possibly obtained plant like the Kansas City, 
Missouri, plant, without applying chemical dose the water that would 
inhibitive cost, and [that would] way compensated for the 
increase filter plant efficiency, quality water delivered.” 


careful inspection the laboratory reports the regular filter plant 
operation failed reveal single instance any turbidity the water 
delivered the city. The Kansas City filters, due some particularly favor- 
able features, function properly whole, whereas the experimental filters 
did not. This indicates that the large saving effected Kansas City the 
use less alum than generally required, justified; the only proper 
criterion for judging plant performance the quality the effluent. 

Richmond, Va.—The City Richmond receives its water from the James 
River, which varies considerably turbidity, times reaching 2000 ppm. 
The water passes through small mixing basins into settling basins, which 
floceylators have been added. From the settling basins goes the filters. 
The turbidity going the filters averages about ppm. 

Springfield, raw water for the Springfield supply 
combination water from Sangamon River and well water, averaging about 
75% river water. treated with alum and lime, and occasionally with 
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activated carbon. passes through circular mixing tanks with normal 
detention time about min, and thence through clarifiers settling 
basins having total capacity about hr. The water recarbonated 
about before going the filters. 

St. Louis, Mo.—The experimental filters St. Louis were set the 
Chain Rocks Filters, which supplied from the Mississippi River. The 
turbidity the raw water varies greatly, averaging about 1400 ppm. 
passes through long mixing chambers into large settling basins before going 
the filters. The average turbidity the water going the filters ppm. 
Lime, iron, and alum are used coagulants. 

Toronto, Ont., water supply Toronto obtained from 
Lake Ontario, and has average turbidity about ppm. certain times, 
the water runs fairly high micro-organisms. For experimental work, 
specially designed plant was constructed, which receives its water from the 
raw-water pipes feeding water the Island Filter Plant. The water first 
passes through mixing trough, where alum added. From the trough the 
water circulates through spiral mixing chambers before passing the settling 
basins. flume then takes the treated water the filters. 

Tulsa, Okla—The water for Tulsa secured from Spavinaw Creek and 
impounded Mohawk Lake, holding about 500000000 gal. conveyed 
thence for miles, through conduit from in. diameter. 
the plant passes through two circular basins, aerated, and then passes 
through two coagulating basins having detention time about hr. Alum 
used coagulant and lime used occasionally before the water goes 
the filters. The turbidity the raw water ordinarily about 15, but 
reaches about 1000, ppm. The turbidity the settled water 

Washington, for the City Washington taken from the 
Potomac River above Great Falls, and conveyed thence through several 
miles gravity conduit Dalecarlia Lake, where some the silt settles out. 
The turbidity the raw water varies from 2000 ppm, and sometimes 
changes suddenly. The water passes through mixing chamber, settling 
basins, and fully equipped filter plant. average 1.5 grains alum 
per gal applied coagulant. 


APPARATUS 


The apparatus used the various cities conducting the experiments 
was substantially the same, but varied somewhat minor details. con- 
sisted battery eight small glass filters made pyrex glass tubing, 
approximately in. inside diameter, and from length 
(see Fig. 12). The top and the bottom each tube were closed with rubber 
stoppers. Water was admitted through small glass tube passing through 
the upper stopper; was withdrawn from the bottom similar manner. 
The influent tubes were extended above the maximum water level vent 
the filters. 

Each the units was equipped with mercury manometer, for determin- 
ing loss head, and filter rate controller. thermometer was fixed the 
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wash-water supply line. Brass needle-valves were used control the applica- 
tion the wash-water, and glass fittings, connected with rubber tubing, 
served for most the pipe 
connections. 

This experimental assem- 
bly was generally placed 
some position the plant 
where the water level 
the test filters would 
with that the 
plant units. 
water was supplied from one 
the pressure mains and 
was regulated two con- 
trol valves. Different cities 
worked out special details 
meet particular needs. 
For Tulsa, 
where the filters were 
rather inaccessible place, 
device was 
installed notify the filter 
attendant when loss 
reached. Toronto, where 
conditions permitted 
use, “potato masher” for 
breaking sand for the 


q 


12.—EXPERIMENTAL FILTERS USED TORONTO, ONT., 
CANADA. 


secondary wash was permanently installed. 

The filter rate controller used most the co-operating cities (Fig. 13) 
was devised Mr. George Dobler, the Montebello Filters, Baltimore. 
This controller proved satisfactory and accurate and was not difficult make. 
The orifice was first calibrated give approximately the desired rate, the 
more exact rate having been determined shifting the orifice above 
below the constant level the beaker until the desired rate was secured. 
Richmond, Chicago, and Toronto, controllers individual design were 
used. 

Determination Sand the sand for use the experimental 
filters had been graded mechanical shaking, the size grain passing each 
sieve was determined follows: each sieve was placed small sample 
the grade that had previously passed the same sieve, mechanically shaken. 
This time the sieve was shaken hand; the last few grains passing were col- 
lected, and 100 them were measured under microscope. The measurement 
taken was the narrowest side exposed view. The average the 100 
grains was taken the “size passing,” “size separation.” The size 
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any sand grade was considered the average the size separation the 
sieve through which all passes and that the sieve upon which all 
retained. 


Filter 


Standard 5 Cc Bulb 
Pipette Cut or Ground 
off at Upper End 


See Detail A 


Joint Ground by 


Emery Dust and Water A ® Glass Tube 


DETAIL 


Glass Stirring Rod, 
Tip Ground about 60°; 
Friction Fit into D 


Water Levely 


Cork, Bored as 


Copper Tube, shown and Paraffined 


Bored to Receive 


Stiff Copper 
Bronze Wire Stirrup 


Bushing or Sleve, 
of Thin Wire, Coiled 


Wood Support 
Calibrated Orifice 
CONTROLLER FOR EXPERIMENTAL 


Calibration Glass Filter Tubes.—It was found that the filter tubes were 
not all exact internal diameter for the full height, and that the diameter 
the different tubes varied much 0.27 in. area. Consequently, 
was necessary calibrate each filter tube before was put into service. 
Particular attention was paid the determination the exact area the 
level the top the sand layer, order that the surface the filter medium 
could known accurately. account the practical impossibility 
making direct inside measurements, the following method was used: Marks 
were made the glass points between which the average areas were 
determined. The tube was then filled with water, and the water between any 
two these marks was carefully withdrawn and measured graduate. 
The average area was then determined dividing the volume water 
withdrawn the depth the tube. 

Placing Sand Filter the earlier experiments, much trouble 
was experienced establishing zero mark for the sand-rise curves the 
different filter units. was found due principally the manner 
which the sand was originally placed the filter. The following procedure 
eliminated the difficulty: Before placing sand the tubes, mark was made 
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the glass the exact height which each layer was brought. With 
the wash-water valve slightly open, quantity sand was added; that valve 
was then closed, and the effluent valve was suddenly opened wide. the sand 
did not settle exactly the mark more was added some was removed, and 
the process was repeated. This operation was performed for each layer, 
and the last layer established the correct zero mark for subsequent operations. 

was found experiment that gravel, other than very small 
sizes, was not easily displaced the small glass tubes. layer, in. deep, 
properly graded support the sand, was sufficient resist the highest 
velocity wash-water. 


For the experiments sand uniform size, the authorities Baltimore 
used the same eight grades that had been used the previous set experi- 
ments. Only one grade was placed each filter tube. The size sand 
reported was the average the size passing and the size retained given 
sieve. Toronto, the sand was re-screened through Tyler square root sieves. 
Six grades were used, and the size reported was that given the rating 
the sieves and was considered the size passing. However, plotting 
curves, compared with those from Baltimore, the average the size 
passing and the size retained was used. 

account the necessity frequently removing and replacing the sand 
and the desirability having definite starting point for beginning each run, 
the use gravel supporting medium was abandoned. Toronto, the 
sand was supported layer fine shot. Baltimore used wire screen, 
soldered the top short section brass pipe that fits inside the tube 
and could easily adjusted the correct position. The pipe was turned 
lathe approximately the inside diameter the tube, and was slit longi- 
tudinally make slightly flexible. 

Silt distribution silt deposited filter bed 
single run, and the depth its penetration, are determined, follows: 
Upon completion run, all the sand removed small sections means 
siphon, and each section deposited separate beaker. the fine- 
grained filters, the sections are 0.5 in. depth, but the sand size increases, 
the depth sections increased in. and in. About 300 
filtered water used siphoning 0.5-in. section sand from the tube, 
and 500 and 600 em, respectively, are used for 1-in. and 2-in. sec- 
tions. The sand and water are caught beaker and stirred thoroughly 
with glass rod. The water then poured into graduate, care being taken 
not remove any the sand. About 200 filtered water then 
added the sand. The stirring repeated, and the washing poured into 
the graduate. These operations are continued until the total washings 

measure 1000 All the water then transferred bottle, and 
thoroughly shaken, and the turbidity immediately read Jackson turbidi- 
meter. Turbidity readings for washings from 0.5-in. sections are recorded 

read. Readings for the 1-in. sections are divided two (the equivalent 
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diluting liters), and the 2-in. sections are divided four (the equivalent 
diluting liters). The reasons for doing this are that the 1-in. and 
2-in. sections, the turbidity more easily read without further dilution, 
and difficult break down the properly the large volume water 
required for dilution the deeper sections used. 

necessary make corrections the turbidity readings com- 
pensate for accidental variations depth the sand sections removed 
siphon. after each section has been washed carefully, drained 
much water possible, thoroughly dried hot plate, and then 
weighed. The ratio this weight that the theoretical section the 
required correction factor. 

The maximum depth penetration floc into the sand bed was defined 
that depth beyond which the turbidity water washed from the portion 
considered less than ppm, when the volume wash-water used 
the proportion liter each 0.5 in. sand depth. This definition was 
based the observation that amount sufficient produce tur- 
bidity only ppm under the specified conditions, seems have 
appreciable effect the filter effluent. The difficulty washing the sand 
perfectly clear, thoroughly breaking the floc, and making accurate 
readings with Jackson turbidimeter, all point the conclusion that turbidi- 
ties less than should neglected determining the depth pene- 
tration. 

Precision Siphon.—At Toronto, the laboratory work was simplified the 
use precision siphon, which could adjusted remove the sand between 
any desired limits. 

the siphon nozzle turns, its cutting-edge fed spirally downward 
into the bed. The sand immediately picked the stream water enter- 
ing the mouth. account the shape the nozzle, the velocity the water 
low the cutting-edge and its direction nearly horizontal, that 
gathers little sand and sediment from front the edge. tape secured 
the filler tube indicates that the siphon quite accurate. Any depth cut 


in. more, can made accurately and quickly using the correct gage 
between the stops. 


SECONDARY 


Sand Rise and Sand Expansion.—Sand rise and sand expansion are terms 
used express the vertical rise sand during the period washing. Sand 
rise usually expressed rise inches, while sand expansion generally 
expressed percentage. With fixed rate wash, the sand rise will vary 
with the depth the sand bed, the size and grading the sand, and the 
temperature the water. evident that the sand rise determined for 
any given filter will not apply another filter unless all the factors are 
identical. 

graded sand filter, each grade will expand different percentage 
for each rate wash-water. some rates, the coarser grades may not 
expand all. filter containing sand one size, the percentage expan- 
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sion will function the velocity and temperature the applied wash- 
water, but with graded sand the expression can have definite general 
meaning, every change grading would also modify some extent the 
expansion. 

Although the term, “sand rise,” open the same objections, was 
used rather than “sand expansion,” seemed simplify the recording 
results. sand rise varies with the water rise, the observed data could 
plotted directly without making any Moreover, the sand rise 
considered relation the space between the normal sand surface and 
the edge the wash-water gutter, the direct reading, inches, will show 
glance whether there any possible danger the loss sand. 


EXPERIMENTAL FILTER NO. 


Rise of Sand in Inches 


Temperature of Wash Water in Degrees Fahrenheit 


14.—RELATIONS BETWEEN SAND RISE, WATER RISE, AND 


TURES WASH WATER. (EXPERIMENTAL FILTER SPRING- 
FIELD, 


Constant Sand were made Toronto and Springfield 
determine the vertical rise water, inches per minute, necessary 
maintain constant sand rise various temperatures water. Typical 
results, plotted three different ways, are shown Figs. and 15. 


Sand Rise in Inches 


Temperature in Degrees Fahrenheit 


(b) CONSTANT 
SAND RISE 
CURVES 


TEMPERATURE 
CURVES 


Water Rise in Inches per Minute 


15.—RELATIONS BETWEEN SAND RISE, WATER AND TEMPERATURE WASH 
WATER (EXPERIMENTAL FILTER TORONTO, CANADA). 


Dec 
cur 
the 
lin 
Per 
| in Rise Was 
_54 Inches Per yy Water fol 
12 5 Per Min ‘ 
e: 
6 Per Min | ° | 
| 30 Inches Der Min 0 
| | O 
0 
32 36 40 
© O 9 a 
t 


SAND FOR WATER PURIFICATION PLANTS 1577 


The results suggest the desirability changing the wash rate correspond 
with the temperature changes. The following statements are excerpts from 
account the experiments Toronto Mr. Allan: 

“Since for every temperature there definite value viscosity, tem- 
perature may used measure viscosity. The temperature-water rise 
curves may considered the resultant two curves; namely, the vis- 
cosity-water rise curve and the temperature-viscosity curve. These two curves 
being concave opposite directions, produce resultant which probably 
straight line nearly so. 

“When water rise plotted against temperature, with sand rise constant, 
the points appear straight line. this can proved true, 
shown that the points are not far from straight line, for all 
sand sizes and gradings, very useful formula will result. These straight 
line graphs possess all the information necessary plot sand rise curves, and 
the straight line relationship holds, then would only necessary take 
two readings, and join the plotted points with straight line produced. 

“The practical use which these curves could put would include the 
following. Suppose that under plant conditions washing carried out using 
constant sand rise all times, and desired know the water rise 
necessary produce the specified sand rise the known temperature the 
water. This information readily available consulting the ‘straight line’ 
graphs.” 

Hydraulic Grading.—It generally assumed that the hydraulic grading 
the sand rapid filter, after washing, perfect. This, however, only 
approximately true. The closeness hydraulic grading depends upon several 
factors, the most potent one being the rate which the wash-water valve 
closed. When filter being washed, especially high rates, there 
general mix-up the sizes sand. the wash-water valve closed sud- 
denly, the heavier particles carry down with them some the finer particles, 
but the valve closed gradually, there generally sufficient velocity 
maintain the smaller particles suspension, while the coarser ones settle into 
position. The size the sand grains also has something with the 
grading. has been noted filters containing fine sand, that 
the grading much more perfect than those containing well graded 
mixture fine and coarse sand. 

The action sand under the influence wash-water observed 
the small glass filters. The jets, currents, water leaving the gravel 
surface are not uniform direction intensity. The sand grains when 
acted upon jet are lifted different heights, depending their size 
and shape. When grain reaches the highest limit which jet can lift it, 
shifted one side into current lesser velocity, and settles down 
point where again picked up. all these movements there conflict 
with other grains, tending lift them higher force them lower into the 
bed. The fine grains that have been lifted near the top are longer subject 
the same intensity jet action, because the greater sand expansion has 
increased the water area and the rising currents have been reduced more 
uniform velocity. The wide space between sand grains gives plenty room 
for movement without interference the neighboring grains, and, conse- 
quently, each grain can more nearly take its proper place the hydraulic 
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addition the visual inspection the filter beds during the ordinary 
washing period, colored sand was placed some the filters, and, others, 
sections the sand were removed and analyzed. All three methods confirmed 
the fact that the sand was more less imperfectly graded. 

viscosity water plays far more important part the 
operation filters than has generally been supposed. There critical range 
the temperature water from 33°F about 45°F when its viscosity 
increases about per cent. Within this range floc forms less compactly, and 
settles out more slowly, than higher temperatures. Unless the coagulant 
applied exactly the correct quantity, the water going the filters will 
treated improperly and the floc will pass through the sand bed. 

When the water cold and more viscous, the filter runs are longer and 
the sand lifted higher with the same velocity wash-water, making 
easier keep the filter good condition. low temperatures, drop 
temperature only will cause increase several inches the 
sand rise. Water has its maximum lifting power near the freezing point, 
where its viscosity the greatest. 

Ratio Critical Depth Sand experiments seem indicate 
that the critical depth sand varies the square the diameter the 
grains (see Table 2). The Baltimore results conform more nearly this 
relationship than those Toronto, partly, perhaps, because the greater 
number runs. Table the average depths penetration were used 
instead the maximum, since any general law, where many variables are 
encountered filter experiments, can only apply average conditions. 

Turbidity turbidities were determined optically 
and expressed the usual way, parts per million, although fully 
realized that the expression, “parts per million”, has real meaning 


(a) FILTER FILTER NO. 
16.—SHAPE SAND GRAINS USED EXPERIMENTAL FILTERS, (MAGNIFICA- 


TION, 5.6 DIAMETERS). 
such cases. order learn any possible relationship between turbidities 
determined optically and those determined evaporation and weighing, 
the records made Montebello Filters, during four years regular plant 
operation, were studied. glance Fig. will show that there 


relat 
weig 
105‘ 
and 
Fig. 
tion 
the 
mill 
the 
the 


tra 


plo 
siz 
f 


SAND FOR WATER PURIFICATION PLANTS 1579 


relationship between turbidity determined optically and weight. The 
laboratory method used was determine optically the turbidity 500-cu 
sample water, and then filter the sample through previously 
weighed crucible packed with asbestos. Next, the crucible was dried 
105° for hr. The difference weight the crucible before filtering 
and after drying, the weight the suspended matter the water. 
Fig. contains information involving more than 1400 separate determina- 
tions, each dot representing the monthly average daily tests. defined, 
the coefficient fineness the weight suspended matter, parts per 
million, divided the optical turbidity, “in parts per million.” 

Turbidimilligram and Accumulated the 
term used Toronto express the turbidity contained water when 
the absolute weight unknown. defined Mr. Allan, the weight 
the suspended matter liter water having turbidity ppm. The 
weight turbidity any body water computed multiplying 
the volume, liters, the water its turbidity, parts per million, the 
result being expressed 

The term, “accumulated turbidity,” used Baltimore plotting the pene- 
tration curves, means the summation the turbidity readings the 1000 
washed from all sections above the point question While the term 
itself has particular meaning, does have very definite meaning 
plotting the curves. 

Data Sand Used following data were secured 
Baltimore for studies made connection with the experiments uniform 
size sand: small sample each grade was selected and thoroughly 
re-screened. Fifty grains from each the eight different sizes were then 
selected random and weighed carefully, and the average weight was com- 


(All Averages Are for Fifty Sand Grains) 


Fitter No. 
DESCRIPTION 

Total weight fifty sand grains, 

Average weight one sand grain, 

Average width one sand grain, 

0.34 0.41 0.48 0.61 0.70 0.93 1.13 2.10 
Maximum width one sand grain, 

0.50 0.54 0.66 0.75 0.91 1.37 2.66 
Minimum width one sand grain, 

Average length one sand grain, 

0.47 0.54 0.66 0.84 0.91 1.27 1.51 2.81 
Maximum length one sand grain, 

0.66 0.83 1.08 1.25 1.37 1.66 1.91 4.15 
Minimum length one sand grain, 

0.33 0.37 0.46 0.58 0.66 0.87 1.08 2.20 

in. clean water, seconds..... 24.70 21.20 17.60 14.20 11.70 9.30 7.70 4.90 
Maximum time settling through 

Minimum time settling through 

in. clean water, seconds..... 20.20 17.00 13.00 12.00 9.80 7.80 5.20 3.00 


emperature water, degrees 
Fahrenheit....... 78.00 78.00 78.00 76.00 76.00 78.00 78.00 78.00 
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puted. The longest and narrowest dimension each grain was then care- 
fully measured under microscope. These weights and measurements are 
summarized Table Considering the average minimum width the 
grains each group the size the sand, the sizes thus determined 
checked closely with those reported placed the experimental 
except for Filter No. this case the measured size was somewhat 
larger, probably because the small number grains selected, but was 
still within the limit the size passing. 

Next, each the fifty grains for each the eight sizes was carefully wet 
prevent air bubbles from adhering and was then dropped into small 
glass tube filled with water, upon which marks were made exactly in. apart. 
The time that took each these grains traverse the distance 
between the marks was obtained stop-watch and the average was com- 
puted (see Table 7). the larger sizes, some the grains did 
not settle straight line, but zigzagged back and forth the tube. 
This movement, evidently produced their unusual shape, accounts for the 
long time took some the grains traverse the 36-in. space. 

Before these data were secured, number grains from each the 
eight sizes were placed under microscope, equipped with euscope pro- 
jector. The grains were magnified diameters and the outline each 
was traced. Typical results, reduced magnification about 
diameters are presented Fig. 16. 
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Discussion 


distributing bending moments rigid frames described Mr. Lin has 
considerable merit. gives direct distribution bending stresses from the 
moment one joint. Likewise, the method convenient for the construction 
influence lines for bending stresses rigid frames. 


25.—DISTRIBUTION BENDING MOMENTS. 


The computation bending moment stresses frame with two 
more spans loaded may simplified applying graphical methods. For 
paper Lin, Jun. Am. Soc. E., was published December 


1934, Proceedings. Discussion this paper has appeared Proceedings, follows: 
March, 1935, Messrs. Grinter, Huang, Felix Spitzer, Harold Wess- 
man, Egor Popoff, and Evans; May, 


1935, Messrs. Salter, Leon 
Blog, Austin Reeves, Bednarski, John Howell, and Oesterblom; and August, 
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example, consider Example the paper. Fig. the lengths beams 
and columns are assumed equal Points contraflexure were determined 
with the modified carry-over factors shown the author Fig. 
ing moments were distributed joints using the modified stiffness factors 
shown the author. Carried-over bending moments were determined graphi- 
means the points contraflexure Fig. 25. The resulting end 
bending moments the members will equal the algebraic sum 
moments sealed from Fig. and fixed-end moments. 

Conventional rules for signs moments Fig. are similar those 
introduced the paper. Positive bending moments joints are considered 
clockwise and negative moments, counter-clockwise. The use Fig. helps 
avoid error the signs bending moments. graphical methods, the 
distribution moments can visualized readily. Furthermore, graphical 
construction reduces the work distributing moments. 


Jun. Am. Soc. (by from the interest- 
ing discussions this paper, many engineers have evidently found valuable. 
Professor Grinter makes thoughtful comparison with the original method; 
but does not compare the two the same basis. The members Fig. 
are all uniform moment inertia, whereas Figs. 11, some are not. 
make fair comparison, the writer will solve Example simplified 
Cross method which, believes, requires the least amount written work 
possible with that method. Instead writing both the distributed and 
carried-over moments the same time, Professor Grinter does, only 
the carried-over moments are written during the process releasing joints 
(see Fig. 26(b)); the distributed moments are computed and written 
the end the procedure suggested Professors Cross and The 
writer proposes give values the product, (Fig. addition 
the stiffness ratio, (which the proportion distribution each member 


ing joint one simply multiplies the unbalanced moments that joint 
the value for that end each member and writes the farther end. 
also facilitates the work put check mark unbalanced moment 
(whether fixed-end carried-over moment) after has been released and 
carried over the other ends. This will eliminate any confusion the 
process releasing joint. release the most unbalanced joint first and 
record the sequence releasing also very helpful. 

This also requires certain amount preliminary work, however. will 
necessary first record the and y-values for each end which should 
released. simplify the work further, find the modified values Keg, Ker, 
Kaa, Kev, yaa, and Equations (3) and (4). Then, for the unbalanced 
moments, one begins releasing Joint multiplying the 100 (reversed 


With Ministry Railways Chinese National Govt., Care, Cheng-yii Ry., Chungking, 
Szechnan, China. 
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multiplied the corresponding y-values and written the farther ends 


BR 


BASIC FACTORS 


SOLUTION DIRECT METHOD 


members concerned. For the terminal joints, and the 
moments will carried over the end the procedure. 


Continuing 


Ss 
k=0.80 0.408 0.234 
0.246 0.513 1.00 
0.123 0.359 0.60 
+245 +118 
sf +218 +140 
) ~ 
+ 
SEQUENCE RELEASING JOINTS 
+218 +140 
1 
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the sequence shown, found that the values are converging rapidly, giving 
close results the end the ninth cycle. The unbalanced moment each 
joint then added and distributed the ends members meeting 
that joint proportion the K-values. Thus, Joint the unbalanced 
Girder DE, The final moments are then shown Fig. 26(c). Moments 

justice the direct method, should noted that Fig. has 
been made voluminous purposely order give the reader unmistakable 
understanding the procedure. can easily simplified one carries the 
calculation three significant figures and obtains moments for DA, DH, EB, 
and single distribution the end the procedure. For example, 


5.5 3.0 
for DH. Then the computation will appear 


5.5 3.0 
Fig. 26(c). 

comparing Fig. 26(b) and Fig. 26(c), there seen little choose 
between the two procedures. simplified much possible. Perhaps 
the former requires little more balancing, but less preliminary work. 
must noted that Fig. 26(b), equations the direct method have been 
applied four members. Had this not been done, more calculation 
would appear. 

The foregoing comparison typical case, but more extensive 
study, one can draw the following conclusions regarding the simplicity 
the direct, compared the original, moment-distribution method: 


(1) many especially where several conditions loading are con- 
sidered where some members are varying moment inertia, this direct 
modification simpler than the original method. 

(2) When the original method simplified the utmost extent, com- 
pares favorably with this direct method most cases. 

(3) Either method has special applications which best adapted, 
and, many cases, there not much choose between them; but the simplest 
method generally combination both, one thoroughly acquainted 
with their fundamental characteristics. 


Professor Grinter’s experience with the use “end rotation constant” 
probably correct; but evidence against this much more general direct 
method. Mr. Howell has indicated clearly the difference between the two. 

Curves, nomographs, tables were used the writer the solution 
Equations (3) and (4). Curves such those Fig. provide better 
means visualizing the different factors. Stiffnesses, carry-over factors, and 
fixed-end moments haunched beams can found 
and pamphlets. 
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With reference side-sway, the direct method can applied the side- 
sway problem the same manner was done the original Cross method. 
not necessary describe the application. 


0.10 0.20 0.30 0.40 0.50 ry — 0.80 0.90 
Ree 


Fic, 27. 


Professor Grinter and Mr. Huang both suggested the idea using 
Kya + = Kon instead of Koa + = Konm : 

Koa Koa 
the resulting error the value less than 2.08 per cent. How- 
ever, the writer finds that for haunched members the which 
greater than 0.25, the resulting error can large, perhaps even more than 
per cent. Hence, the writer prefers the use values 
With only little practice, can estimated quite closely and the 
value can obtained from graphs with practically error. 

The writer regrets that Mr. Evans’ discussion, interesting is, 
apparently based misunderstanding. (1) simply definition 
the term, introduced simplify Equations (3) and (4). cannot 
incorrect, Mr. Evans claims, although could appear some other 
forms with corresponding changes Equations (3) and (4) Mr. Popoff 
states. That modified stiffness should used for Members and 
but not for Member BA, evident Step the paper which the writer 
took special care point out that when Joint released, only Joint 
fixed, not the others. Hence, entirely wrong apply the modified stiff- 
ness for Member Mr. Evans has done the major part his discussion. 


Mr. Huang has further found 
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The product, refers the carry-over factors two ends 
member. only changes with the moment inertia variation, but has 
nothing with the degree restraint the ends the member; 
term denoting the relation between and long remains 
unchanged, has nothing with the moment inertia variation. 

Many discussions have appeared regarding similarity methods and 
priority concept. Although some are correct certain extent, others 
have evidently been advanced without sufficient study the paper. Cer- 
tainly, the more one knows, the more one comes believe that there 
“nothing new under the sun.” There are many methods similar that 
proposed this paper; however, none seems widely applicable and 
simple this direct method, and none derived from the principle 
moment distribution. 

The conjugate point much like the German 
Methode der but all who have compared with the moment 
distribution method agree that tool analysis the latter far the 
better. This means that cannot compare with this direct method, which 
can much more easily learned and more widely applied. 

regretted that the writer cannot obtain Dr. Zimmermann’s book, 
mentioned Mr. Oesterblom, and the thesis presented Mr. Efsen the 
University Copenhagen 1930 fulfillment the requirements for 
the degree Doctor Technices, which Theodore Host, Assoc. Am. 
E., has called the writer’s attention correspondence; but infers 
from the opinions the discussers that the methods are not derived the 
same manner and probably cannot easily and generally applied. 

Mr. has paper published Chinese that advances similar 
method derived from slope-deflection equations. similar other methods 
derived therefrom, but more cumbersome. Probably the method presented 
Mr. most similar that proposed the writer. This 
method developed from slope-deflection equations and introduces two rather 
complicated equations for finding the end moments. The same true the 

the original there brief, but rather extensive, comparison 
all methods continuous frame analysis. might prove interesting 
one who scholarly enough make further investigations. After long study 
of, and experience with, the subject, the writer has come the conclusion 
that although each particular problem may solved certain particu- 
lar method, suffices for all purposes have learned the Cross method and 
this direct method. The latter most valuable the visualization and study 


Transactions, Am. Soc. E., Vol. (1927), 
der Statisch-unbestimmte Systeme”, von Strassner, Berlin, 1921. 
Journal, The Chinese Inst. Engrs., Vol. No. 
Continuous Frames”, Earle Russell, San Francisco, Calif., 1934. 
“Structural Frameworks”, Hickerson, Univ. North Carolina Press, 1934. 
adley. 


the requirements for the degree Master Science Civil Engineering, March, 1933. 
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elastic properties continuous frames and the approximate but suffici- 
ently accurate estimate moments them. Any one who has learned the 
fundamentals this method should able “write in” moments 
cient degree accuracy. should able see mistakes analysis. 
should able visualize the effect haunching; the effect restraint; 
and see continuous frame sees simple truss. should know 


what approximation can applied analysis, and changes design 
can made for economy. 
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Discussion 


LAWRENCE FEAGIN, Assoc. AM. Soc. 


range thought and methods considering the problem the reaction 
piles lateral loads reflected the discussions the paper. The inter- 
est and consideration accorded are gratifying and appreciated. The problem 
has been approached both from the standpoint mathematical analysis and 
from that experience. 

Mr. Cummings and Mr. Chang have both contributed ingenious mathe- 
matical analyses. They have sought derive equations whereby the follow- 
ing may determined: (a) The curve deflection the central axis 
pile subjected lateral load; (b) the horizontal deflection pile sub- 
jected given lateral load; (c) the length the pile from the top down- 
ward, which moved, also referred the bent length; (d) the relationship 
the portion the load resisted the rigidity the pile itself that 
resisted the soil; and (e) the stresses the pile. 

The writer has studied, with interest, each these discussions well 
the assumptions made each, and believes that perhaps brief comparison 
may assistance those who may hereafter have occasion refer them. 

Mr. Cummings has assumed that the equation the central line the 
deflected pile can expressed the power series, Equation (1), and assumes 
certain boundary conditions whereby the formula the deflection curve the 
bent pile established the form his Equation (2). 

Mr. Chang has applied the theory presented Professor 
for determining the deflection bar supported along its entire length 
continuous elastic foundation, and has arrived corresponding formula 
the deflection curve the pile (his Equation (36)). 
paper Lawrence Feagin, Assoc. Am. Soc. E., was published 
November, 1935, Proceedings. Discussion this paper has appeared Proceedings, 
follows: November, 1935, Cummings, Assoc. Am. E.; January, 
1936, Messrs. Meem, and Kennard Thomson; February, 1936, 


Niederhoff, Jun. Am. Soc. E.; August, 1936, Messrs. Lazarus White and 


Senior Engr., Engr. Office, St. Louis, Mo. 
Received the Secretary November 12, 


equa 


for 
that 

Equ 


min 
wit 
nea 
tha 
dri 
int 
lar 
the 
lat 
fr 


December, 1936 FEAGIN LATERAL PILE-LOADING TESTS 1589 


will noted that Equation (36) form which will produce 
sinusoidal diminishing amplitude. general, this latter type 
equation will give curve which more nearly keeping with the actual 
‘movement the pile. 

After proceeding with his analysis far enough determine expression 
for the bent length the pile, Mr. Chang, however, concludes that the pile 
practically vertical and rigid depth one wave length, thus indicating 
that Mr. Cummings was justified assuming that for all practical pur- 
poses the deflection curve has vertical tangent depth, 

order, for comparison, that may have the same unknowns occur 
Equation (36), substituting from Equation (31), Equation (2) becomes: 


Equations (36) and (58) both have two unknowns which must deter- 
mined test; that is, and the elastic modulus the soil. Mr. 
Cummings assumes that the elastic modulus the sand increases directly 
with the depth the sand, whereas Mr. Chang assumes that the elastic 
modulus constant. The writer believes that the former assumption more 
nearly correct, notwithstanding the possibility, suggested Mr. Chang, 
that the elastic modulus may affected the compaction the soil the 
driving the piles. 

Mr. Cummings determined the relationship between the horizontal load, 
and the top deflection the pile expressed his Equation (26). 
interesting note that this formula the first term, representing that part 
the load due rigidity the pile, much less magnitude for 
large values than the second term which represents the part carried 
the soil. This indicates the important played the soil resisting 
lateral loads. the other hand, will observed that for small values 
which seems reasonable assume will also accompanied correspond- 
ingly small values the bent length, the first term will represent large 
proportion horizontal load, This indicates the importance the struc- 
tural rigidity the top few feet the pile the top deflection, kept 
small. should borne mind, however, that the extent which results 
from this equation can relied depends primarily upon the accuracy with 


which the bent length, and the properties the soil (represented 
are determined. 


Mr. Chang has developed corresponding expression (see his Equa- 
tion (55)) which may written as: 


Equation (55) has combined single term the resistance due 
the rigidity the pile and the passive resistance the soil. The relia- 
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bility this equation also dependent upon the accuracy determination 
which, turn, dependent the bent length the pile, well 
the elastic properties the soil. 

will noted that both Mr. Cummings and Mr. Chang have developed 
single value bent length pile and each has used his respective single 
value throughout computing deflections for the various loads basis for 
comparison with the test data (see Fig. and Fig. 28). This probably 
accounts large measure for the fact that the calculated results both 


equations show greater deflections for the lower range loads than the test 
results. Mr. Cummings uses computed bent length 10.2 ft, and Mr. Chang 
uses 11.35 ft. Attention invited the fact that the writer stated 
the paper that load approximately tons per pile and with top that 
deflection, in., was estimated that the bent length the pile was 
about ft. For small loads, undoubtedly less. 

believed apparent that the depth which movement occurs 
pile subjected lateral force the top dependent upon: (a) The physi- me: 
the pile, such and (b) the elastic modulus the 
soil; and the amount the horizontal force and the resulting lateral 
movement the top the pile. sho 

believed, therefore, that any mathematical expression which purports inv 
give the depth movement should, either directly indirectly, contain sta 
all these factors. The formula developed Mr. Cummings Equation (31) 
and the corresponding formula developed Mr. Chang Equation (40). 
each these two expressions will noted that terms for both the physical 
characteristics the pile and the elastic modulus the soil are included, but 
there term for either the amount the horizontal force, the 
deflection, The results from these formulas are largely dependent 
the values assumed for the “dimensionless coefficient, and Based 
these formulas the depth movement would the same with deflection, fo: 
tons. obvious that this not correct. The small-scale model tests 
made Mr. Cummings (see Figs. and 23) indicate quite clearly that 
the large rods had greater depth movement than the smaller rods. The 
top deflection all three rods was about the same in.), but greater 
force, was required move the rod than the rod, thereby 
greater depth movement the more rigid rod. 

Mr. Cummings was evidently aware this and his discussion states 
that “it should not concluded from this that the bent length independent 
the deflection.” then justifies Equation (31) the grounds that 
combination Equations (5) and (12) both which are “based the 
usual theory elastic structures which the displacements are required 
very small comparison with the dimensions the structure.” 

The writer does not desire that the foregoing comments these two excel- 
lent discussions construed implying that does not believe that the 
mathematical analyses are practical value; they mark important begin- 
ning field which much remains done. does desire, however, 
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point out the limitations certain the equations, order that they 
may used with proper caution. The equations for deflection check the 
particular tests results described the paper quite well and, for loads within 
the range normally pertinent design problems, give results which, subject 
the additional considerations given subsequently, appear, general, 
the side safety. Furthermore, careful consideration the deriva- 
tions the bent length provides approach for the problem determining 
the length pile required driven resist given lateral load. 

Both Mr. Meem and Mr. Thomson have emphasized very properly the fact 
that the conclusions given the paper were distinctly limited the soil 
conditions and piling arrangements under which the tests were made. The 
writer recalls reading one time that Darwin reputed have said effect 
that “the greatest danger scientific investigation generalization based 
limited experience.” This statement especially applicable investigation 
problems relating soil foundations. apparent that when movement 
the entire foundation, such that resulting from the move- 
ment the glacial drift described Mr. Meem, from quicksand wet 
clay the subsoil stratification the cases cited Mr. Thomson, the results 
the tests described the paper are clearly not applicable. Each foundation 
should treated distinct problem itself, and the extensiveness field 
investigations and office study made dependent upon the importance the 
stability the foundation. 

Mr. Niederhoff has ably presented the results lateral loading tests con- 
ducted under the direction Major Dwight Johns, Corps Engineers, 
Army, District Engineer St. Paul, Minn., the vicinity Lock 
No. near Red Wing, Minn. ingenious method simulating condition 
fixation the top the pile was used. rather surprising that 
the soft material such that described Mr. Niederhoff greater lateral 
movement occurred. This may have been due, part, the fact that except 
for 4-in. space adjacent the test pile the ground was frozen depth 
in., thus confining the soil. Furthermore, the low temperature may have 
greatly retarded prevented flow the foundation soil which might 
otherwise have occurred. With the exception Tests Nos. and for 
which notations 5-min. intervals are given, the length time that each 
test load was sustained not given. the loads had been sustained for sev- 
eral days possible that greater deflections might have occurred. 

Mr. Niederhoff has referred briefly the lateral movement in. 
portion the river wall Lock No. the Mississippi River, time 
when the lateral force computed usual methods was only about 3.5 tons 
per pile. This was caused unbalanced hydrostatic load which, 
the writer’s opinion, may have produced partly quickened condition the 
foundation sand, giving rise much greater actual active load the foun- 
dation piling, especially the steel sheet-pile cut-off wall, and, the same 
time, reducing the passive resistance the foundation sand. This condition, 
combined with the presence slippery clay and the vibration from pile- 
driving the immediate vicinity, can easily account for the movement. The 
presence wet clay alone might have caused it. Under these conditions 
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quite probable that the lateral movement may have extended the tips 
the piles. interesting note that notwithstanding movement about 
in. this wall remained vertical and did not settle appreciably. 

Quite properly, Mr. White calls attention the “danger extending 
large group, such ordinarily done.” some soils under certain condi- 
tions such extension may entirely satisfactory, whereas for other soils 
under the same conditions, for the same soils under other conditions, extrapo- 
lation observations single piles small group large group, 
might result Mr. White very ably discusses large move- 
ments groups piles serving foundations concrete walls, 
and the writer accord with his suggestion that, many instances, 
more positive means insuring lateral stability use struts 
ties other precautionary measures may highly desirable. The possible 
effect structures subjected lateral loads vibration such that result- 
ing from driving piles within radius ft, should carefully con- 
sidered, especially when the structure rests foundation soil which itself 
may affected vibration. 

Professor Krynine has added the value the paper citing and briefly 
discussing number other tests this interesting subject, including tests 
made himself pile models. has also given interesting discussion 
the “Theory the Zero Point.” The writer agrees that there zero 
point, but believes that, for piles the length described the paper, instead 
rising from some point, (see Fig. 29), the ground surface with 
horizontal load, the zero pivot point (or point about which rota- 
tion occurs, others refer it), nearest the surface with small lateral 
loads and moves downward with increasing loads. The location the zero 
point, which serves define the bent length the pile, regarded the 
writer being variable which depends the relationship between the physi- 
cal properties the pile (such size, shape, elastic modulus, and length) 
and the elastic properties the soil, and upon the magnitude the lateral 
load. 

Professor Krynine suggests that Fig. 32(c) the line, longer than 
the line, M’; and concludes that the pile pulled out Point which 
contradicts the assumption ideal embedment that point. The writer 
agrees that, order that lateral movement may occur, either the pile must 
slightly pulled up, the top the pile slightly lowered bent, 
the pile must elongated. That there tendency even low loads for the 
pile pulled believed clearly indicated the extensometer 
readings described the paper. These readings indicated that the fiber stress 
the compression side was only about 60% that the tension side (see 
Fig. 13). Furthermore, the final test Monolith No. with extreme 
load about tons per pile, the two concrete piles nearest the jack were 
actually pulled about in. whereas the lateral movement was about in. 
For all practical purposes, however, within the range lateral loads normally 
considered designs, believed that may assumed that the lower 
part the pile fixed. 
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The writer agrees heartily with Professor Krynine that very desirable 
that the scope the tests described the paper extended, particularly 
other types soils and other piling arrangements, including piles battered 
both directions. 

conclusion, the writer wishes again call attention the fact that the 
conclusions given the paper were confined the soil conditions and piling 
arrangements under which the tests were made. also wishes thank those 
who have participated the discussions for their contributions this 


interesting subject. 
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ARCH BRIDGES 


Discussion 


method computing wind stresses arch bridges, devised Professor 
Maurice Levy’, was described Mr. Blog who, discussing its various 
advantages, has not shown its serious limitations. for wind stresses 
developed Professor Levy may applied only single arch rib. the 
numerical example wind-stress computations arch bridge with two 
steel ribs, braced with San Andreas cross-braces, solved Professor Levy, 
was assumed that the bracings were absolutely stiff and two arch ribs were 
considered single arch rib. similar method analyzing wind stresses 
reinforced concrete arch ribs with elastic braces, such that shown 
Fig. would involve serious error. 

The graphical construction for computing wind stresses symmetrical 
arch rib shown Mr. Blog, was devised Professor Levy for case 
which the product the moment inertia the arch rib and the cosine 
the angle between tangent the arch axis and the horizontal, constant. 
similar graphical construction moments the arch rib Fig. would 
require complicated computations for locating the line, u-v, Fig. 
this case, analytical computations are much shorter. With mechanical 
culating machine the coefficients Table may computed few hours. 
Furthermore, they may computed with slide-rule with reasonable accuracy 
for practical purposes. 

Mr. Blog could not understand why the torsion moment, my, contributes 
anything the value that the bending moment, contributes any- 
thing the value This may proved with reference the similarity 


paper Eremin Assoc. Am. Soc. E., was published 
December, 1935, Proceedings. Discussion this paper has appeared Proceedings, 
follows: April, 1936, Leon Blog, Assoc. Am. Soc. E.; August, 1936, Messrs. 
Fang-Yin Tsai, and Paul Andersen; and September, 1936, Louis Blume, Esq. 

Assoc. Bridge Designing Engr., Div. Highways, State Dept. Public Works, 
Sacramento, Calif. 

Received the Secretary November 1936. 
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between forces and deformations the plane the arch rib. Vertical forces 
this plane produce vertical and horizontal displacements. hori- 
zontal also produce vertical and horizontal displacements. Therefore, 
Equations (32) and (83) are incorrect applied arch ribs. 

evaluating the coefficients, Cim and Mr. Blog erroneously considers 
the angle, variable, which precludes the possibility verifying the 
writer’s equations. Contrary Mr. Blog, wind pressures have effect 
direct stresses arch ribs. Such stresses Equation (2) were not con- 
sidered because they are negligible. straight beams with ends fixed, which 
sustain transverse loads the direct stresses are never considered. However, 
does not indicate that, beam completely fixed the ends, transverse 
forces have absolutely effect direct stresses. Mr. Blog cites the writer’s 
assumption that, the braced arch ribs Fig. both arch ribs resist the 
same amount wind pressure, stating that this condition penalizes the sys- 
tem severely. The writer does not agree since, means rigid braces, wind 
from the windward rib are transferred the leeward rib such 
manner involve both arch ribs equally. For all practical purposes this 
assumption correct and facilitates the location the points contra- 
flexure the braces. 

Professor Tsai states that developing Equations (3) and (4) means 
Castigliano’s theorem, the writer failed show all the steps. This theorem 
reveal all the steps between Equations (2) and (3). The method involving 
the idea “dummy” unit force displacement point also follows from 
Castigliano’s theorem. 

The values Table were computed the method approximate sum- 
mation. The arch rib was divided into voussoirs shown Fig. The 
physical properties the voussoirs were computed their centers gravity. 


The limits integration are shown Table and, for the half arch rib, the 


limits are from the springing the crown section. 

Mr. Andersen’s Equation (34) similar Equation (5) developed for 
single arch rib. noted that, the braced arch rib shown Fig. 
Equation (34) cannot used for computing the bending moment the 
springing. From Equations (5) and (6) the bending moment, and 
the torsion moment the springing, single arch rib, are: 


and, 


The bending moment, M,;, and the torsion moment, the springing 
the braced arch rib Fig. are: 


Interesting information regarding Castigliano’s theorem and the originality Max- 
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and, 


Equations (39) (42) may used for computing wind stresses filled 
spandrel open arch bridges such that shown Fig. stated Mr. 


Symmetrical about 
Center Line of Span 


SECTION A-A 


HALF ARCH ELEVATION 


6.—SPANDREL FILLED ARCH BRIDGE. 


Andersen. Fig. shows symmetrical spandrel filled arch bridge, subjected 


The concentrated the center the strip but may 
transferred the arch axis force, and overturning moment, thus: 


Therefore, the wind stresses the arch rib Fig. are equal the sum 
the stresses computed with concentrated forces, acting along the arch 
axis, and the overturning moments, Wind stresses and deformations 
produced Force may computed means Equations (1) (13). 
The deformations and stresses arch rib sustaining overturning moments, 
may developed means Equations (8) and (4). 


The moments, and the arch rib due overturning moment, 
are: 


and, 


Axis 
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which Mmw the bending moment the crown due the symmetrical 
overturning moments, From Equations (45) and (46) and Equations (7) 
(10), the deformations arch rib sustaining symmetrical moments, 
are found be: 


and, 


arch rib with symmetrical wind pressures, the deformation, 
the crown equal zero. Therefore, from Equation (47), the bending 
moment the crown is: 


For integrating Equations (47) (49), the overturning moment, should 
expressed continuous function. However, practice the integration 
may performed approximate summation without serious error. The 
arch rib divided into convenient number vertical strips and forces, 
with overturning moments, computed for each strip. Strips that intersect 
the arch rib are considered arch voussoirs and are treated the manner 
shown the illustrative example given the paper (see Fig. 3). 

Evidently, the summation, the wind forces, the moments, and 
the physical properties arch rib must considered the centers 
gravity the voussoirs. approximate method summation especially 
convenient open spandrel arch bridges, which wind-stress pressures vary 
abruptly along the arch axis, the spandrel column. 

Mr. Blume has shown the intermediate steps developing Equation (13) 
from Equation (2). However, was incorrect considering the ratio, 
constant. Obviously, varies, along the arch axis, with the moment 
inertia, and the torsion factor, 

closing, the writer wishes express his appreciation for several inter- 
esting contributions the discussion. 
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this paper great interest, only indication the variation 
the practice different parts the United States, and forms valuable 
record. complete the picture, the following notes the position 
are submitted.” 

1859, the highest legal tribunal—the House Lords—established the 
principle that the rights riparian owners, respect water flowing 
visible surface streams known and defined channels, not apply 
underground water which simply into and through the ground and 
has neither certain course nor defined limits. Subsequent cases decided 
1881, 1886, and 1902, made clear that “defined” channel one which 
definitely contracted and bounded, although the actual course channel 
may undefined human knowledge, and, furthermore, that defined sub- 
terranean channel must “known” not excavation but reasonable 
inference from observations the surface the ground. 

these decisions owner claiming riparian rights the flow water 
subterranean channel must prove the existence such channel without 
recourse excavation, and recently 1932 this statement the legal 
position was affirmed the Court. The general position, therefore, that 
there property right underground water, and nothing prevent the 


sinking well land adjacent the site existing well, the possible 
detriment that well. 


paper Harold Conkling, Am. Soc. E., was published 
1936, Proceedings. Discussion this paper has appeared Proceedings, follows: 
August, Messrs. Joseph Jacobs, and Faucette and Willoughby: and 

Engr. (Binnie, Deacon Gourley), Westminster, London, England. 

Received the Secretary October 23, 1936. 
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between neighboring industrial concerns using underground water, 
the principal effect the existing law has been that when “Peter” robbed 
“Paul” sinking to, and pumping from, greater depth than “Paul”, the 
latter’s only remedy was deepen his own well and pump from still greater 
depths, and the only people who gained were the well sinkers. 

Until comparatively recently industrial concern using more than 100 000 
gal water per day from underground source was the exception; within 
the past decade, artificial and other specialized works have been estab- 
lished, and these, drawing underground resources the extent 
several million gallons per day some cases, have depleted (over-pumped) 
the area which the works happen be, affect adversely the yield 
wells upon which the community relies for all part its supply. 

will have been appreciated that private individual manufacturing 
concern has only buy land order have the indisputable right obtain 
such water from underground sources the strata are capable yielding. 

When, however, public authority statutory water con- 
templates the augmentation its resources underground supply, the 
position not simple, since the authority Parliament the Ministry 
Health must obtained first. Parliamentary plans are then deposited 
both Houses (that is, the House Lords and the House Commons), 
other specified places, and with Government departments. Bill pre- 
pared describing the “works” for which powers are sought, and among its 
other provisions so-called “protective clause.” the same time, 
notices published the newspapers, all persons interests likely con- 
cerned are made aware the proposals the Bill, which is, due course, 
the subject inquiry, turn, committee each House. The pro- 
moters and the various opposing interests are represented counsel and 
supported engineers, and other technical witnesses, and, the sequel, the 
Bill emerges Act upon receiving the Royal Assent, although, generally, 
with amendments put upon the promoters one other committee 
inserted agreement with opponents. such Act that public 
authority empowered purchase land condemnation, agreement not 
possible, and sink well wells, and build other structures, it. For 
less important works and where there opposition, simpler and less 
expensive procedure available, for the Minister Health has authority 
grant Provisional Order, which must subsequently confirmed, not then 
opposed, Parliament. 

For thirty years more most private Acts involving the construction 
wells have included the protective section previously mentioned. Under this 
section, the owner any well spring (and, sometimes, pond) within 
specified radius, used the date the Act source water supply, who 
can prove that his supply has been diminished consequence the pump- 
ing the authorized well, entitled compensation water, otherwise. 
The radius protection varies with the geological formation and special 


Throughout this discussion the term, means, according the context, 
construct and operate works for supplying water within specified area. 
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circumstances, but usually mile for wells chalk and miles for 
wells Triassic sandstone. also sometimes happens that, having regard 
representations made during the Parliamentary proceedings behalf 
opposing statutory water undertakers, limit put the quantity that may 
pumped any day. 

Thus, will seen that, whereas private individuals have been unfettered 
their exploitation underground water resources, those charged with the 
duty affording supplies the community have, precedent and practice, 
been restricted were outside the general law; and until 1936 there was 
case reciprocal protection being given the public authority and noth- 
ing law prevent industrial concern, with the knowledge that 
authorized well had proved the presence large supply, from sinking its 
well immediately adjacent the authorized well and developing seri- 
ously and adversely affect the yield the authorized well. 

Partly meet the growing needs its area supply and partly because 
one its authorized wells had had its yield reduced from 500000 
gal per day the course eight years, the Wolverhampton Corporation 
sought Parliamentary powers this year (1936) sink additional wells 
some distance from the Borough. The reduction yield was attributed 
the pumping increasingly large quantities (now about 2000000 gal per 
day) from the same Triassic formation industrial concern the works 
which are within the Borough and less than mile from the well; and evi- 
dence was given the effect that, the course few more years, the yield 
that well would become small not worth pumping the 
Corporation. 

Although the Bill, which included the usual protective clause with radius 
miles, was opposed, emerged with reciprocal clause which, after 
the date the Royal Assent, land-owner within the same radius could sink 
well otherwise abstract underground water, except consent the 
Corporation, except for the domestic supply persons his land, for 
the watering stock, for other purposes agricultural nature con- 
nected with the product that land. was not the intention the Cor- 
poration impose undue restrictions the normal development the lands 
within the 2-mile radius, and the clause was definitely directed preventing 
the incursion large industrial works. The clause provided that refusal 
the Corporation consent sink well, the land-owner may require 
the Corporation afford supply cost price the Corporation, 
with the Corporation’s ability maintain either the supply for domestic pur- 
poses within its statutory limits supply, with existing trade supplies; 
nor the aggregate such supplies, together with what water was necessary 
compensate owners existing sources within the radius protection, 
exceeds the yield the authorized well. 

Having regard the extent which underground resources were being 
exploited without control, water-works undertakers for many years have 
been pressing for general legislation control the development under- 


=, 
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ground sources, and advocating system licensing which regard would 
had the limits potential yield particular underground basins; and 


during the past two three years the Institution Water Engineers 


Great Britain, acting jointly with other associations representing water-works 
interests, has made representations the Minister Health which were sup- 
ported him memorandum placed before Joint Committee both 
Houses Parliament which sat intervals during 1935 and 1936. 
Committee reported July 29, 1936, and, after referring the anomalous 
position water supply undertakers compared with private individuals (as 
previously described), states that “it would more equitable and more 
the public interest property owners were treated the same way water 
undertakers any project where the former may wish either sink wells 
below certain depth extract more than certain quantity water from 
them except for their own agricultural domestic purposes.” remains 
seen how far general legislation follows this recommendation; 
sufficient observe that the Wolverhampton Act advance the general 
law now stands, and since, the absence general legislation, Parlia- 
mentary Committees Private Bills are more often than not guided prece- 
dent, this Act will serve argument favor similar provisions 
future Bills. 

far regional considerations affect underground-water resources and 
supplies, the problem means simple and capable reasonably 
clear-cut limitations the case surface supplies. appraise with any 
reasonable and approximate degree accuracy the limits particular 
underground basin, its rate replenishment, its storage capacity, and its 
potential yield, difficult and often involved undertaking. most cases 
only after years exploitation that becomes apparent, investi- 
gation and consideration ground-water levels, the character the water 
yielded, combination these factors, that water being extracted 
excess replenishment. Often, particularly areas adjacent the 
sea, too late remedy partial complete spoilation otherwise 
potable supply which has resulted from such circumstances. 

What has been stated herein, indicates that there now tendency 
England toward what the author describes the “American rule” and also 
what may considered measure State control. complicated 
matter, the step-by-step approach, the author observes, probably the 
safest line and one which will allow re-orientation the light 
experience. 


which this paper has been presented subject for congratulation. The value 
administrative control underground waters well emphasized and 
careful study the paper would great value all concerned with the 
utilization and conservation this natural resource. 


Engr., The Iowa State Planning Board, Ames, 
Received the Secretary November 1936. 
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There are other aspects the use underground water, not mentioned 
Mr. Conkling, which are major importance many States, particularly 
the humid sections the Mid-Western and Eastern United States where irri- 
gation not important water use. this region the demands business 
and industry upon underground water for air-conditioning and industrial use 
have placed drafts such magnitude small areas that levels are 
being, and have been, seriously lowered. The continued exploitation under- 
ground waters will result which, undoubtedly, will produce 
fifth doctrine law, modification the fourth doctrine discussed 
the author. 

Specifically, the point that must decided the Courts, written into 
future legislation, concerns the proposed use the water. Shall the municipal 
domestic consumption underground waters considered more basic 
fundamental use than those industry (manufacturing), refrigeration, and 
air-conditioning? so, what shall the priority use, and shall prior 
claim the underground waters subject condemnation proceedings 
meet the needs more fundamental use, the case with surface waters 
some States? Inasmuch air-conditioning and refrigeration may 
obtained other, although more expensive, means would appear that the 
development sub-surface waters for these purposes should definitely 
controlled legislative action. 

Legislative control air-conditioning and cooling usage should not 
construed prohibition such usage. Where the cooling effect obtained 
through closed system, the water may returned the 
through recharge wells, without changing the mineral bacterial 
content. This method maintaining the static level has already been used 
successfully some the Eastern metropolitan areas, 

The use recharge well point removed from the supply well 
more expensive the individual user than wasting the water into sanitary 
sewers. the other hand, the overloading the sanitary sewerage system 
and the sewage disposal plant municipality with waste water from air-con- 
ditioning plants will greatly the cost operation and maintenance. 
Already, some cities have found legislative action necessary force the opera- 
tors air-conditioning plants cease overloading sanitary sewers con- 
necting the storm sewers. not unlikely that continued development 
sub-surface waters (provided the supply not exhausted) may lead 
overloading storm sewers also. Even the storm sewers prove adequate 
carry the flow, the wasteful use artesian water not halted. Viewed 
the light conserving the underground waters, any reasonable increase ex- 
pense, incurred returning the waste water from air-con- 
ditioning plants the ground, can justified. 

The use recharge well presents certain problems aside from those 
expense. Foremost these are the questions minimum spacing between 
wells prevent recirculating the returned water, and the temperature rise 
the return the heated water. The interval between recharge and supply 
wells must determined studies the individual giving due weight 
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the porosity the aquifer, the movements the artesian stream, the loca- 
tion adjacent wells, and other factors peculiar the site. 

rise only few degrees the temperature can materially lower the 
refrigerating air-conditioning system. offset the tem- 
perature rise, seems entirely possible, from the practical aspects, utilize 
closed system with recharge well both cooling system the summer 
plant the winter. With underground water temperature 
60° would possible use the cooling system heating plant 
probably 20% the year. temperature differential only few degrees 
would permit material saving fuel costs heating fresh air brought into 
the building, whereas warehouses might completely heated satis- 
temperature. 

Temperature differences 75° would quite common for short periods 
the Northern United States. Under such conditions possible that suffi- 
cient could stored the sub-surface formations eliminate the 
temperature rise the following summer. quite likely that actual 
economy could effected, over yearly operation individual heating and 
air-conditioning plants, that would more than offset the added expense 
closed system. Regardless the comparative cost, however, less wasteful 
usage sub-surface water resources will one the conservation problems 
major importance the near future. 

The need wisely drafted legislation, based thorough study the 
water resources, most urgent. The Engineering Profession perhaps 
responsible any one group for the uncontrolled exploitation this natural 
resource. now its responsibility encourage the conservation 
artesian waters and lend its support obtaining legislative appropriations 
for studies the many problems relating sub-surface waters. The tempo 
the present development calls for immediate study extensive proportions 
order that control measures may adopted before depletion the under- 
ground supply occurs. The writer accord with the conclusions that the 
control undergraund water should retained the State. The complex 
situations existing the various States make legislative contro] sufficiently 
difficult even within the State. Only special situations where the interest 
more than one State involved, should there any attempt regulation 
higher authority. 
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Discussion 


Jun. Am. Soc. (by interesting termi- 
nology apply methods solution for, and types of, equations developed 
this paper. The writer wishes commend highly the use the term, 
“iteration”, substitute for “successive approximation.” 

The writer wishes make some very important additions the author’s 
“List References” Appendix the paper. These represent 
the pioneer work done the United States with this so-called “iteration” pro- 
cedure the solution simultaneous equations the type discussed 
the author. 

will noted that Appendix the author has listed references 
any the numerous American developments this field which occurred 
prior 1930. All the references which cites refer German sources prior 
1930, whereas the method was well developed the United States that 
time. 

Another important change terminology the use the expressions, 
the “Equation Three the “Equation Five Angles: Side- 
Sway”, and the “Equation Five Angles with Side-Sway”, series 
substitutes for the term, “slope-deflection” equations. Evidently, this termi- 
nology originates with the author’s reference the work Gehler (3)° 
published Germany 1925. 

There seems continual need remind recent students the use 
angular joint rotations unknowns rigid-frame problems, the facts 


Nore.—The paper Schwalbe, Esq., was published August, 1936, Proceedings. 
Discussion this paper has appeared follows: November, 1936, 
Messrs. Garrett Drummond, and Fischer. 

Civ. School Eng., Northwestern Univ., Evanston, 

Received the Secretary, October 30, 1936. 

Engineering News, 1913; “Statically Indeterminate John Parcel, and 
George Maney, Members, Am. Soc. E., Wiley Sons, 1936, Fig. 142, 276; “Inves- 
tigation Secondary Stresses the Kenova John Parcel and George 
Maney, Members, Am. Soc. E., Studies Engineering, No. Univ. Minnesota, 
1915, 
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the history the development this useful method approach. early 
1880, Manderla made use angular rotations joints rigid frame 
structure determine the secondary-stress bending moments bridge truss. 
Soon after this (1893) Mohr used similar approach which was identical with 
that which the slope-deflection method makes the “general” problem the 
rigid frame. Before 1915, only the isolated problem secondary stresses 
had been approached this manner. 

1915, Maney, Am. published the first general state- 
ment the slope-deflection method this this treatment, not 
only are secondary stresses solved, but wind stresses and all types frames 
with members transversely loaded well. The idea fixed-beam moments 
was there first developed, although the time was not called that name. 
This work led immediately the important publications originating the 
University Illinois. 

1914, Professor Maney and Wilson, Am. Soc. E., developed, 
and June, 1915, the solution wind stresses twenty-story 
office building the slope-deflection method. This solution was the exact 
simultaneous method. 1918, Professor Wilson and Richart, and 
Weiss, Members, Am. E., published giving general formulas 
for large number types structures the slope-deflection method. These 
two publications, following Professor Maney’s publication and using his 
methods, gave the “angular unknowns” approach rigid frame and 
ous beam solutions for bending moment distribution the great popularity 
has had the United States. 

should emphasized that this typically American development 
and that the “general” use the method “angle unknowns” has lagged 
considerably Europe. (This statement excepts only the problem secon- 
dary stresses which was mentioned Professor The European 
approach the general case the rigid frame the “unknown angles” 
method outlined follows: May, 1914, Axel published, 
Denmark, monograph which gives the first general statement the slope- 
deflection relation for any type loading. This publication appears have 
been generally overlooked even Europe until about 1923 when Professor 
Ostenfeld amplified somewhat. 1923, Professor Ostenfeld published” 
amplification Bendixsen’s work, the presentation covering all cases for 
deformations rather than stresses. 

unusual development has followed Professor Maney’s statement 
the use angles unknowns. Numerous ideas such moment distribu- 
tion, and the balancing angle changes, have followed its wake and they 
have all been strictly American variations the “slope-deflection” theme. 


Studies Engineering, No. Univ. Minnesota. 1915. 

Stresses Steel Frames Office Buildings’, William Wilson, and 
George Maney, Bulletin No. 80, Eng. Experiment Station, Univ. Illinois, Urbana, 
1915. 

Statically Indeterminate Structures the Slope-Deflection Method”, 
William Wilson, Richart. and Camillo Weiss, Bulletin No. Eng. Experiment 

Methode der Alpha-Gleichungen zur Berechnung von Rahmenkonstructionen”, 
von Axel Bendixsen, May, 1914. 


Although this general idea treating angles unknowns was first pre- 
sented the United States Professor Maney 1915, has since almost 
completely replaced the “least work” and “virtual work” approach the 
problem. Europe, these latter methods are still much used, spite their 
greater mathematically cumbersome nature. 


the following development some the important equations and methods 
referred the author may traced. 


~ 
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Item Fig. 15, 


Mas — + Mraz) + 2E Kaz (3 Raz 264 65) 
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the general form the slope-deflection equation stated Professor 
Maney (13) two bending moments are equal and opposite sign, 


occur each support continuous beam: Mac and, when 


Rw = —2E Kap 


and, 


Mac = M QE (2 64 


Therefore, 


will seen that Equation (61) identical with Equation (28) the 
paper. and merely the slope-deflection “joint” equation for continuous beams. 
This the equation which Gehler (3) called the “equation three angles” 
1925, and has led the author’s use this terminology. Similarly, the 
“equation five angles” merely slope-deflection joint equation for 
the typical case rigid frame with four members framing into rigid joint, 
instead two, the preceding case continuous beam. 

Item (2).—When the factor, cancelled and and are assumed 


zero temporarily, then Equation (61) becomes and, 
general, there are two more members the joint, 


numerical sum the K-values around Joint 
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Similarly, these expressions for and are substi- 


tuted Equation (61): 


Equation (62) simply the “moment distribution” equation which 
the “distribution” factor and the “carry-over” factor. 
this variant the slope-deflection method, the “iteration” method applied 
through this “carry-over” factor until error negligible. 

Conclusion.—It important remember connection with the entire 
general plan solution means “angle unknowns”, that the 
the “fixed-beam” moment the essential starting point, and that until the 
slope-deflection method was evolved 1913, one had previously used this 
approach. connection with the problem secondary stress, this conception 
was not involved. 

Why all equations the type discussed the author invariably con- 
verge when the so-called “iteration” process “converging approximations” 
used? The answer found purely physical reason which will only 
confounded any mathematical approach. Equation (59) examined 
reveals that the angle change, the joint question, has twice much 
influence the final moment, the angle change, the far end 
from the joint question. Furthermore, the last term Equation (62), 
the factor, reveals the same thing. When error any joint 
adjacent the one for which the angle moment desired always 
least twice the error caused the joint question, rapid convergence 
halving the error each assured. 

The simple physical facts make convergence, solution equations 
iteration, possible. the quantitative importance angle changes 
each end member were nearly the same affecting the moments both 
ends, then “successive convergence” “iteration” would have place 
method solution for moments continuous-beam and rigid-frame members, 
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analyzing continuous frames balancing end rotations presented Professor 
Grinter similar many respects the simple slope-deflection method 
largely developed Maney, Am. Soc. E., from his slope- 
deflection equations and the writer 1931. Both methods con- 
sist, essentially, determining the angular positions which the various 
joints the continuous structure are equilibrium, balanced, and then 
substituting these values the angular rotations the basic slope-deflection 
equation obtain the final actual moments the ends the various 
members. Both methods may extended, the application well-known 
and well-understood principles, the solution wide variety rigid- 
frame problems. The advantages which Professor Grinter cites for his method 
are least applicable the earlier slope-deflection method. 

The slope-deflection method seems, the writer, have certain additional 
inherent advantages; for example, the starting point the slope-deflection 
method the fixed-beam moments which are again used obtain the final 
actual moments after the various rotations have been determined. This 
itself may construed twofold advantage: First, complete series 
(the simple beam end-angles) avoided; and, second, the fixed- 
beam moments are themselves better known and more easily remembered for 
the various standard loadings than the simple beam end-angles. Another 
advantage lies the fact that, throughout the entire slope-deflection analy- 


ANALYSIS CONTINUOUS FRAMES 
BALANCING ANGLE CHANGES 

Discussion 


paper Grinter, Assoc. Am. Soc. E., was published 
September, 1936, Proceedings. discussion printed Proceedings order that 
the views expressed may brought before all members for further discussion the paper. 

Chicago, 


Received the Secretary ‘October 19, 1936. 


Load Analysis Rigid Building John Goldberg, Engineering 
News-Record, November, 12, 1931: see, also, “Simplified Methods for the Analysis 
Multiple Joint Rigid Frames”, George Maney and John Goldberg, Northwestern 
Univ. Bulletin, XXXIII, No. October 17, 1932. 


lis 


December, 1936 GOLDBERG BALANCING ANGLE CHANGES 1609 


sis, the concept continuity firmly maintained, fact that adds greatly 
the clarity and physical significance the method, besides being inherently 
more direct. Professor Grinter’s analysis, the other hand, this continu- 
ity first completely destroyed and then successive parts are re-estab- 
lished. Another inherent advantage slope-deflection methods lies the 
fact that there are frames the analysis which methods based upon suc- 
cessive approximations, corrections, balancing, may inadvisable, imprac- 
tical, even impossible. 

Various types simple frames, for example, may analyzed slope 
deflection the solution limited number equations, many cases 
only one equation. Simple bridges, culverts, and many other similar 
frames fall into this category frames which may analyzed with actually 
less effort and greater reliability direct methods. The frame shown 
Fig. although chosen the author for its classical values, nevertheless 
illustration structure that could solved very neatly these direct 
slope-deflection methods. One who adept and familiar with the slope-deflec- 
tion theory could very easily set the two equations which would solve the 
frame. Solution these equations would give, with absolute certainty, 
the joint rotations from which the final actual moments may calculated. 
There are also frames which, their very proportions, can not solved 
methods based upon successive approximations corrections. 
For the analysis these frames there always remains the alternative method 
solving the slope-deflection equations algebra. 

Professor Grinter, seems, has touched upon the matter bent analysis 
too lightly. implies that the shear for any assumed side-sway 
particular story known, the actual shear the various members may 
single, simple, proportionate adjustment. Unfortunately, 
the analysis not simple, except very few mathematically perfect 
chief among which the single-story bent, itself very complex 
problem. Equations (4) and (5), the slope-deflection equations, show that 
the shear member much function the joint rotations the 
ends the member the relative joint translation. These rotations, 
turn, are affected just much the shears above and below the story under 
consideration they are the shears that particular story, etc. Conse- 
quently, except these few perfect cases, this simple adjustment itself only 
approximation. 

Professor Grinter has referred the method analyzing wind stresses 
slope-deflection and converging approximations, which the writer developed 
from slope-deflection theory and presented” 1933, being based upon 
series convergence. Actually, the method consists simply obtaining, suc- 
cessively, closer more nearly correct values the various rotations 
accordance with simple and easily understood principles, and thus label 
the method with abstract mathematical term confusing the student 
and the reader. Furthermore, has referred the method being 
“relatively tedious” without, however, stating what relative. Never- 


Stresses Slope-Deflection and Converging John 
Goldberg, Transactions, Am. Soc. E., Vol. (1934), pp. 962-975. 


— 


and, 
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theless, after exhaustive survey methods wind stress analysis, the 
results which are contained its latest Sub-Committee No. 31, 
Committee Steel the Structural Division the Society, Wind-Brac- 
ing Steel Buildings points out that among the desirable 
the writer’s method are speed, accuracy, simplicity, and the clarity the 
concept maintained throughout the analysis. Professor Grinter’s 
present appreciation the slope-deflection equation and the importance and 
significance the physical concept joint rotations definitely compli- 
mentary the slope-deflection method and those who have consistently 
sponsored and developed its use. 

The frame Fig. analyzed herein slope deflection illustrate the 
general methods attack. One familiar with the slope-deflection theory can 
set up, practically inspection, the joint equations which express the simple 
physical fact that (in terms fixed-beam moments and joint rotations) 
equals zero. For the frame Fig 


and, 


From which, simple algebra: 
11.0 12.0833) 4.0 (8.333) 
11.0 (21.5) 4.0 (4.0) 


and, 


Substitution these values the slope-deflection equation, 


Map = —K (264 


gives the final end moments; that is, 4.0 1.508 1.032) 
6.429; and, similarly, for the other end moments. The moments are 
and, K-values are used only relative sense. result these 
facts, the joint rotations the foregoing analysis are approximately one- 
fiftieth the rotations indicated Professor Grinter. 

When direct analysis frame simple, there scant justification 
for the use methods based successive balancings corrections, 
even for the use methods based semi-empirical formulas. However, 
illustration alternative’ slope-deflection method, particularly appli- 
frames which the number joints precludes the use algebraic 
methods, the analysis the frame Fig. converging approximations 


also given: The respective joint equations are, for simplicity, reduced and 
solved for the respective values 


Proceedings, Am. E., March, 1936, 397. 


Th 
‘ "54 


December, 1936 MANEY BALANCING ANGLE CHANGES 1611 


For the purpose obtaining first approximation, taken equal 
the constant term its own equation; that is, 0.758. Then, 0.562 
0.186 (0.758) 0.703. From which, 0.758 0.364 0.703) 1.014. 

and, 0.758 0.864 (—0.751) 1.031. For all practical purposes, this 
second approximation sufficiently accurate. However, third approximation 
0.364 0.754) 1.032. 

comparison these results clear that convergence now com- 
plete. Substitution these final the respective basic slope-deflec- 
tion equations gives the final end moments for the various members. 
clear that appreciable inaccuracy would have resulted the 6-values 
obtained second approximation were used calculate the final end 
moments. 


used his paper with the moment distribution method, the author comes 
two conclusions follows: (1) essentially self-checking; and (2) 


ANGULAR DISCONTINUITIES 


Fixed- final Fixed- Corrections 

kips 
(4) (5) (7) (8) (9) (10) 


—60.0 Mp, 


Moment 


—2.49 


—11.7 
—2.70 +15.0 


CONVERGING SOLUTION FOR VALUES 


+1.20 
+1.20 


Balancing angle changes. Values final moment, inch-kips. 
Prof. Eng., School Northwestern Univ., Evanston, 
Received the 25, 1936. 
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offers the clearest possible picture the physical action the structure. The 
writer agrees heartily with these conclusions and submits four short solutions 
tabular form, which are made using the slope-deflection method first 
proposed him the United States 1915. These solutions (which 
explain themselves because the tabular forms used), together with the past 


history slope-deflection and converging approximate solutions, lead 
the following comments: 


(1) “Balancing angles changes” merely new group words 
what has been done for years the solution slope-deflection equa- 
tions converging approximations the 


Symbols Coefficients of: Fixed- Coefficients of: Fixed- Correction Percen- 
beam beam due final tage reduc- 

angles moment 


(1) (2) (3) (4) (5) (6) 


(9) 


650* 


Inch-kips. 


(2) the problems Tables and values were determined 
the usual method “balancing angles” “converging slope values”, instead 
the 6-values themselves. This has always been done merely conveni- 
ence calculation, since the quantities resulting are easier handle. all 
slope-deflection solutions made recent years which the number 
unknowns large, this method “balancing angles” “converging end 
slope values” has been used, but the convergence balancing has started from 
the zero end angle case which the fixed-end bending moment. 

(3) Table solution given for the elastic angle slip 
the joints, which has the advantage making trial solution unnecessary. 


Maney, Members, Am. Soc. E., Fig, 142, opposite 276, John Wiley and 
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Note the close check values final moments. another problem checked 
the writer (see Table 2), the case both elastic and plastic joints 
treated. The “corrections due yielding angle” (see Table 2(b) where this 
correction 127) herein used can only be, 


using the slope-deflection formula which are angular discontinui- 


ties. When they are elastic, becomes and (in which the 


R-values are the moduli rotation) which are ratios bending moment 


corresponding angular rotation the end the member, radians. 


(4) Particular attention called the case “plastic” discontinuity 


end angles included the author’s problem Fig. and the 
writer’s corresponding solution Table 2(b). The percentage change end 
moments due lack joint rigidity listed Column (9), Table 
This percentage varies from decrease 41% increase 7%, and 
emphasizes the need for solution given Table 1(b) which elimina 
guesswork regarding the final moment values. 

(5) there “plastic” feature the angular discontinuity, why should 
not all end moments closely approach zero finally? plastic condition per 
means “give” under continued load with corresponding steady increase 
with time. this simple beam condition approached, why indulge 
rigid-frame analysis for frames with “flowing” “plastic” 


Tables and may clarified examining Table 1(a), follows: 


statement the general equation applicable this case. The general form 
would stated: 


Map = + M Fgp Kgp (2 Oz Op) 


are multiples the angular rotation Joints and when equilibrium 
reached. 

(b) Line shows that that the net rotational tendency all 
moments acting Joint zero when equilibrium reached. The expres- 
sions for Line and for Line are added obtain the joint 
Lines and are added obtain the equation (Line for Joint 

(c) Lines 10, 11, and 12, indicate that 1.000 0.364 0.758 and 
that 0.186 1.000 0.566. Lines 13, 14, 15, and are the 
ing steps for the angle values (0.364 for and 0.186 for the far 
end, converging until the corrections approach zero. 
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(d) Line represents final values additions five preceding 
quantities, which are substituted the original moment expressions (Lines 
and values such 3.00 ft-kips are obtained for all mem- 
ber ends, such End Member will noted that the sum 
all moments around joint must equal zero, desirable check the 
numerical the work. 


respects Professor Grinter’s method will prove more flexible tool the 
designing engineer than the Cross method. true that the latter has 
the advantage over the former that makes use moments throughout 
its procedure and leads directly the actual bending moments; but this 
disadvantage the Grinter method more than compensated for the 
facts that self-checking and that the actual work involved establish- 
ing continuity has been reduced materially. Thus, using the Cross 
method, necessary balance the moments each end member, 
whereas balancing angle changes, only one set values needed 
each joint. 

The procedure used solving the example Fig. seems incorrect; 
Joint balanced and the carry-over angle from added the angle 
changes Joint and included the first process balancing Joint 
The proper procedure balance all joints first and then carry over the 
angle changes, and repeat. 

obtaining the corrections for side-sway impos- 
ing equal angle changes the top and bottom each column, the writer 
suggests applying, the column tops, any set angle changes inversely 
proportional the column heights, and distributing these changes through- 
out the structure. readily seen that, equating horizontal deflections 
before and after balancing the angle changes, the moment the top 


column is: 


angle change the top 
the column; the re- 
sulting rotation; 
column shear, propor- 


umn height. 
This procedure 
14. plied the two-legged bent 


Balboa Heights, Canal Zone. 
Received the 26, 1936, 
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shown Fig. which angle changes 300 and 200 are applied the 
column tops, resulting joint rotations 30.5 and 46.7, respectively, after 
continuity has been established. The final moments (see Fig. 14) are, 


and, 


Luce,” Am. Soc. (by valuable tool for 
the analysis continuous frames contained this paper. Computations 
the method introduced involve only simple with simultaneous 
equations, and can made, many cases, fraction the time required 
the so-called “exact” methods, such the slope-deflection method, the 
method least work, etc. Furthermore, both the development and the appli- 
cation the method involve concepts familiar the structural engineer. 

The presentation Professor Grinter has been complete that further 
explanation scarcely necessary. The following development, however, may 
help some readers visualize the balancing process and the determination 
the joint rotation factor. Fig. 15(a), the members, and have 


(b) 


15.—BALANCING 


position, A’, the joint discontinuous. restoring continuity, moments 
applied the members, Point Members and will rotated clock- 
wise through angle, the new positions, and D”, whereas 


Univ. Fellow Structural Eng., Univ. Michigan, Ann Arbor, Mich. 
Received the Secretary November 1936. 
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Member will twisted counter-clockwise through angle 
the position, A”. The internal moments balance Joint 


and, since the moment member depends upon the product its stiff- 
ness and the angle through which rotates: 


Factor termed the joint rotation factor for Member Joint 


The development equally simple two more members are given 
original angular discontinuity. 

noted from the paper that members having their ends free rotate 
are the norm this method, and that the stiffness values for fixed-end mem- 
bers are corrected the factor, This the reverse the procedure used 
the method balancing moments. 

The writer has solved problems secondary stresses trusses, wind- 
stress analysis building frames, and joint slip, the method balancing 
angle changes. The structure investigated for secondary stresses was sym- 
metrical Pratt truss eight panels. Angle changes were computed Dean 
Ketchum’s formulas suggested the author. The balancing required four 
five cycles per joint. The end moments found this manner balanced 
within every joint, providing check the work. final check, 
the secondary stresses were calculated the method balancing moments, 
using deflections taken from Williot-Mohr diagram. The variation 
stress values obtained the two methods was small most members, 
and the maximum difference was 400 per in. was observed, however, 
that the balancing process either case should started with comparatively 
large numbers the final results are accurate. 

The first wind-stress problem investigated was that 6-story build- 
the analysis being made estimating the shape the deflected struc- 
ture outlined the author elsewhere*. The final moments obtained, 
requiring only one balancing process, checked those calculated balancing 
moments within per cent. The latter method, however, seems 
definitely better suited the solution wind-stress problems. Only four 
balancing moments were required give the same accuracy six 
seven cycles balancing angle changes, and, course, did not require the 
use the slope-deflection equations the end the process. The analysis 


Structural Engineer’s Handbook, Milo Ketchum, Hon. Am. E., 1924 
Edition, 102. 


Vol. (1934), 610. 


or, 
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the lower stories another building frame”, also indicated that the 
value the check embodied the method balancing angle changes 
decreased because the introduction different criterion ratios adjacent 
stories. The method balancing moments has the further advantage the 
analysis frames which joint translations occur, such wind-stressed 
buildings, that fixed-end moments may added during the balancing process 
offset joint restraints. similar procedure for the method balancing 
angle changes not apparent. 

The solution joint slip problems and the plotting influence lines for 
continuous beams can performed very successfully balancing angle 
changes. 


Transactions, Am. Soc. E., Vol. (1934), 664. 
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fundamental conceptions essential the design dam. particular 
site engineer may consider some form concrete structure structure 
built earthen materials, which may include rock. considering earth 
dam, the engineer has choice between dry and hydraulic methods con- 
struction. For the dry method practice has standardized the placement 
material thin layers, with suitable compaction rollers various types, 
power-tamping vibrating equipment. For the design 
earth dam, essential, first, utilize all materials from required excava- 
tions; and, second, construct the remainder the dam from the materials 
available the vicinity. The greatest economy generally results from the use 
materials closest the site. 

this paper, the author has based his selection large extent grain- 
size distribution. This logical method the preliminary stages. 
Figs. and has given the proposed limits for materials suitable for 
impervious sections rolled-fill earth dams. The writer agrees that, gen- 
eral, material falling within these limits will satisfactory. However, 
entirely possible use materials that not come within these limits. 
First, considering materials that are finer than the upper curves these 
two diagrams, although such materials may somewhat difficult handle 
and may structurally somewhat unstable, they may furnish, nevertheless, 
excellent impervious core for dam embankment. the computation for 
such cases the outer shell must depended upon for structural strength. The 
dam may analyzed method recently outlined the writer.” 

Considering the two lower curves which represent the limit permea- 
bility, perfectly possible use materials greater permeability than 
those indicated. may conceded that earth dam safely designed 
paper Charles Lee, Am, Soc, E., was published September. 
1936, Proceedings. This discussion printed Proceedings order that the views 


expressed may brought before all members for further discussion the paper. 

Prin. Engr., Chf., Flood Control Section, North Div., War Dept., 
New York, 

Received the Secretary September 25, 1936. 

“Calculation the Stability Earth presented before the World Power 
Conference, Washington, C., September, 
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and built, provided properly designed, with the expectation large 
leakage. The approximate upper limit, indicated the gal per 
per day, with hydraulic gradient extremely conservative. This 


0.4 per sec. the illustrated, the author deduced that the 
leakage would 0.004 per with 0.1 gal per per 
day. From structural standpoint, leakage thousand times this amount 
not necessarily excessive with proper design. other words, permeability 
coefficient 100 gal per per day might satisfactory centimeter- 
gram-second units (40 would seem the writer that the 
upper limit permissible seepage largely matter economics. The cost 
reducing the leakage should balanced against the value the water saved. 
the flood-control dams, dams which constant releases are 
required, may economic consideration whatever. such cases, 
merely structural problem designing the embankment pass 
the leakage safely. the writer had occasion design dam for 
which the estimated leakage through the foundations, with water spillway 
level, amounted per sec. such case, would unwarranted 
great expense obtain impermeable embankment. 

The writer cannot agree with the author eliminating the siltstone 
(Sample Table for use the Coyote Dam the basis the 
information set forth the paper. would appear that this material could 
have been used advantageously least the center one-fourth the embank- 
ment, with resulting economy. Certainly, more exhaustive tests determine 
its structural nature terms cohesion and angle internal friction under 
saturated conditions the embankment should have been made before dis- 
carding its use the center section the dam, and there possibility 
that might have been used safely for large percentage the embankment. 

the paragraph following Fig. the author makes the statement that 
“the data Figs. and indicate that for permanent stability compacted 
earth material the clay fraction should not exceed 35%; nor should 
less than 15%, the latter limits depending the degree which the 
material graded.” Based this statement, the engineer having such 
material Sample would precluded from constructing dam, 
whereas can used with proper design. combination Sample 
even Sample for core and Sample (or, preferably, coarser 
material) for the shells will result excellent and economical dam, possibly 
better one than that built uniformly with Sample 

There are few materials that cannot used successfully, some extent, 
the construction earth dams. The materials approved the author may 
used with little additional investigation, but for true economy difficult 
designs every analytical resource the science soil should 
upon produce design utilizing the closest available materials 
produce safe and enduring structure. The writer knows more than one 
dam that could never have been built had the author’s limitations been applied. 
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Paut Baumann,” Am. Soo. (by the rapid 
exhaustion suitable dam sites believed that, the future, rolled-fill 
dams will gradually exceed masonry dams number. Hence, this paper 
particularly timely and valuable. 

The author points out five principal requirements for suitability material 
for the impervious part rolled-fill earth dam. further stresses the 
importance grading the material satisfy these requirements. This tends 
imply that unless material which conforms the specifications grada- 


Maximum High Water for 
80000 Cu Ft per Sec 


Spillway Discharge in 


Scale in Hundreds of Feet 


Center Line of Crest 


Slope 
Theoretical 


Approximate Average 
Slope = 1 0n 1.25 1300 
Present Riverbed 


ZAp proximate Bed Rock 
Slope with Bed Rock 
Fic. MAXIMUM SECTION, SAN GABRIEL No. 


tion available the vicinity site chosen for rolled-fill dam, such 
dam cannot built. The writer’s experience, acquired during the construc- 
tion San Gabriel Dam No. does not substantiate this contention. 
Material that not initially suitable for rolled-fills, because gradation 
defects, can made suitable proper compaction. 

Two widely different types materials have been placed and compacted 
San Gabriel Dam No. clayey sand loam Zone and quarry-run 


Sieve Size 
325 200 


Percentage Passing 


Sieve ae... in Millimeters 
9.—GRADATION SOIL COMPACTED ZONE 


material which has passed through 9-in. grill Zone The location 
these zones shown Fig. which composite cross-section the dam. 


Asst. Chf. Engr., Los Angeles County Flood Control Dist., Los Angeles, Calif, 
Received the Secretary November 10, 1936. 
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order illustrate the comparative initial and final gradation, typical 
analysis shown for each the two materials Figs. and 10. 
Whereas, the fineness modulus the wet clayey sand 1.17 for the average 
sample before compaction and not changed materially through compaction, 


Silt 


90 


0.02 0.1 100 200 
in Millimeters 


the average fineness modulus the quarry-run material 5.72 before com- 
paction and 5.06 after compaction; and, although the material Zone 
conforms approximately what might called standard specifications for 
impervious material for rolled-fill dam, the material used Zone (includ- 
ing rock large in.) would certainly not appear satisfy all five 
requirements, least first examination. 

matter fact, with the rolling equipment used San Gabriel Dam 
No. which was specially designed for the job, material Zone requires 
less effort for compaction than material Zone that is, whereas twelve 
trips are required produce the specified compaction Zone between 
sixteen and twenty trips are required produce such compaction Zone 
The specifications for Zone provide that the dry density the fines (that 
is, particles 0.25 in., smaller) must compacted have dry density 
not less than 120 per ft., whereas the specifications for Zone pro- 
vide compaction which shall produce dry density the composite material 
not less than 115 per ft. 

The reason for eliminating all particles greater than 0.25 in. from con- 
sideration with Zone material that the fines filling the voids between the 
coarse material, rock, actually govern the physical behavior the com- 
posite compacted material. The division between coarse the 0.25-in. 
size was adopted from standard practice pertaining concrete aggregates, 
and has been found through experimentation justified. 
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Although the shearing strength the saturated material Zone less 
than that the saturated fines the material Zone the relative permea- 
bility reversed; that is, material Zone less permeable than the fines 
the material Zone the specified densities. The average percolation 
rate under gradient and approximately 60° for material Zone 
the specified density 0.5 per yr, whereas for the fines the material 
Zone under the specified density, averages 1.5 per yr. 

The stability under saturation any fill material governed primarily 
its dry density. other words, the internal friction shearing strength which 
governs the stability the material depends the dry density. Shearing 
tests saturated fines the material Zone have shown shearing 
strengths varying from per in. for vertical load per in., 
shearing strength 525 per in. for vertical load 1200 
per in. Due this governing factor (that is, the dry density the 
material), quite obvious that the conditions for stability hydraulic- 
fill dam under saturation and the conditions for stability rolled-fill dam 
under saturation are necessarily variance. With the hydraulic-fill process 
not possible create initial dry density the material excess 
relatively low limit, whereas with the rolled-fill, mechanically com- 
pacted-fill process, the attainable dry density approaching that the solid 
material. The composite fill Zone for example, place, has average 
weight 150 per ft., which indicates that approaching the physical 
state artificial stone. The specific gravity the material used 
Zone averages 2.78, which means solid weight 173.5 per ft. The 
average dry weight the composite material place was found 
which would mean that the porosity the composite fill Zone 


approximately 17.5 per cent. Typical results density tests are shown 
Table 


DATA 
Sample Wet 
taken weight, Dry weight, Percentage Per- Number Percentage 
Zone: pounds cubic fines rock 12.1-ton gravity No. 200 
foot foot roller sieve 
(1) (2) (3) (4) (5) (6) (7) (8) 
151.5 128.7* 9.6 42.4 2.78 25.4 
133.9 13.3 3.2 2.79 36.3 
Fines Composite. 


The reason for the small porosity and, consequently, the small permea- 
bility material Zone the breakdown that occurs during the rolling 
the material evident from Fig. 10. The effect compaction relative 
breakdown for variable moisture further illustrated Fig. 11(a) 
shows the increase breakdown due twenty-five hard tamps with 5.5-lb 
tamper over the breakdown due five 4-in. drops. The maximum, additional 
breakdown coincides with the peak compaction. 


Darcentage Break-down 
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Furthermore, the initial compaction granular material and the breaking 
strength the particles are governing factors regard its stability under 
saturation, because the water which, saturated condition, completely fills 
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TURE CONTENT COMPACTION AND 
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the voids, cannot escape case sudden compression the material, but 
will, itself, put under stress. Hence, the compression sufficient 
magnitude crush the parts contact between particles, the shearing 
strength may readily drop critical value due load being transmitted 
through water the one hand and the production very fine particles 
flour caused the crushing the other. These fine particles, after crush- 
ing, will naturally mix with the water and will form slime which tends 
lubricate the contact surfaces and minimize internal friction. 

regard cohesion due the surface tension water which always 
present relatively fine material with one more free surfaces exposed 
air, such cohesion cannot develop under This the principal 
cause the softening granular soils, well clays, under saturation. 
all tests bearing the stability relatively impervious fill should 
conducted saturated material order determine the safety such 
structure its critical condition. 

The author does not mention the penetration needle connection with 
soil analysis and gives reason for this omission. Based tests (as yet 
incomplete) conducted the laboratory San Gabriel Dam No. 
believed that the significance the penetration plasticity needle has been 
misinterpreted the past. These tests tend show that the penetration 
needle, although excellent moisture indicator the wet side the peak 
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compaction (see Fig. 12) not reliable indicator stability 
fill the pore water under stress. 

The safety dam fill composed insoluble material depends directly 
the shearing strength its grain structure long over-topping 
prevented. The shearing strength for given density, turn, depends 
the rate percolation and the pore-water stress. Although the rate per- 
colation primarily depends the grain size, the pore-water stress depends 
the condition loading and particularly the rate which load being 
applied. Hence, the influence the sudden application load saturated 
dam fill, due earthquake, for example, important part the analysis 
safety. 
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factors and working stress, Mr. Karpov points out that the safety 
design any redundant construction may influenced the fact that 
weak members can transfer part their burden other parts the struc- 
ture. this manner the actual factor safety raised above that indi- 
cated comparison computed stress with yield point ultimate 
strength material. simple beam there occurs similar transfer 
load from over-stressed outer fibers under-stressed interior fibers, and 
the caleulated stress does not give exact indication the margin avail- 
able the useful load-carrying capacity the beam. After the maximum 
fiber stress has reached the yield point certain amount additional load 
may applied without causing distress and, within definite limits, the beam 
deflection will continue nearly direct proportion the 
mately, the useful limit the beam reached, and deflection will increase 
rapidly with little increase loading. The useful limit affected 
large extent the type beam section and also small degree 
the type loading. These facts have been known for some time from 
results tests and are used some extent the structural analysis 
process which would lead quantitative prediction the 
behavior described herein would, some degree, attain Mr. Karpov’s apparent 


Symposium was presented the meeting the Structural Division 
Pittsburgh, Pa., October 1936, and published October, 1936, Proceedings. 
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aim which diminish the gap between predicted and actual behavior. 
Such process for beams ordinary carbon steel may based 
idealization the stress-strain diagram into series straight lines, 
shown Fig. 46(a). The strain-hardening region the right 


Width of Beam=6 


Values ef Stress, s 


Values of Strain, 3 


(a) BENDING MOMENTS 


ELASTIC LOADING 


(b) ASSUMED STRESS STRAIN 


46.—STRESS AND STRAIN DIAGRAMS. Fic. 47.—RECTANGULAR BEAM WITH CON- 
CENTRATED LOAD THE CENTER. 


unimportant because failure takes place form rapid increase the 
rate vertical deflection before the outer fibers are strained sufficiently 
reach this region. (This discussion refers plastic failure only and 
not elastic failure due lack lateral support.) The assumptions are 
made that through the entire range stress, including the plastic range, 
plane section before bending remains plane after and also that 
the stress-strain relation the same for tension and compression™. The 
stress distribution over symmetrical beam section then will shown 
Fig. 46(b), with portion near the neutral axis state elastic 
stress and the remainder the section plastic state. 

illustrate the method developing the deflection equations, the 
rectangular beam shown Fig. will considered with single concen- 
trated load mid-span sufficient magnitude produce region 


und Bach-Bauman, Ninth Edition, Berlin, 1924, 289. 


“The Strength I-Beams Moore, Bulletin No. 68, Eng. Experi- 
ment Station, Univ. Illinois, Urbana, 
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plastic stress. The limits the plastic regions are defined horizontally 
and vertically Using Fig. 46(b) and Fig. 46(c) and taking 
moments about the neutral axis, can shown that the moment 
resistance is, 


Now, let represent the smallest load that would cause maximum 
bending stress equal the yield point stress, and let represent the corre- 
sponding maximum bending moment. Then, from the equality external 
and internal moments obvious that, 


from which, 


Equation (17) defines the horizontal limit the region along the 
outer fibers. 

The strain along the outer fibers any section which cuts the plastic 
region measured the value the quantity, that section. 
obtain expression for the strain factor, substitute Equation (15) 
Equation (14) and equate internal and external moments, thus: 


When solved for Equation (18) gives, 


region the strain proportional the bending moment, follows that 


the region, the strain factor given the expression, 


(20) 
L 2 
The strain factor, may used now obtain deflections from the 
relation, 


in 
the section where (see Fig. 47), the bending moment is, 
e 
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which the bending moment any section due unit load applied 
the section for which the deflection, desired, and the angular 


distortion any element, From Fig. 46(c) apparent that the 
angular distortion is, 


Substituting Equations (22) and (23) Equation (21) and then perform- 
ing the integration with the help Equations (17), (19), and (20), and 


simplifying: 


which the strain factor mid-span and may use 
Equation (19). the quantity within the braces given substitution 
value, Equation (24) may simplified thus: 


alternative method for calculating deflections using quantities, 
dé, “elastic weights.” From Equation (22), seen that for beam 
uniform height the only variable the quantity, This quantity may 
used alone “elastic loading” the results are corrected 


plying the constant, The deflection any point the beam the 


“bending moment” resulting from the application the “elastic loading.” 

The foregoing method may extended beams with other types 
cross-section. The loading-deflection curves shown Fig. were plotted 
from deflections. The I-sections were assumed have ratio 
flange thickness depth beam equal 0.05 and ratio web thick- 
ness width flange equal 0.10. These are average values for standard 
I-beams. The diamond-shaped section square with loading the plane 
diagonal. all calculations was assumed that (see 
Fig. 46(a)) and that the slopes the two inclined lines the idealized 


diagram are the ratio, 1:80. These are average values for medium 
carbon steel. 


From the definition follows that the ordinate, 1.0 (Fig. 48) 


1 
shows when yield point stress begins the most stressed material. These 
curves indicate yield point flexure which differs from the yield point 
direct stress and which varies widely with the shape the beam section. 
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These curves also indicate possible exception Mr. Karpov’s statement 

that the stress-strain curves Fig. demonstrate the non-applicability 
Hooke’s law low-strength steel stressed above the yield point. Hooke’s 
law may interpreted meaning that deflections are proportional the 
forces which produce them, evident that sometimes the law applicable 
with close approximation even when the steel stressed above the yield 
point because the deflections continue very nearly proportion the load- 
ing for considerable distance. The curves are good agree- 
ment with the published results number the yield 
point flexure taken the limit the useful carrying capacity 
beam (that is, the point which the factor safety based), 
evident that such factor will vary with the shape the beam. For 
example, using working stress kips per in. for steel having 
yield point kips per in., the factor safety flexure for the square 
section edge for the rectangular section, and for the typical I-sec- 
tion, 2.4. obtain uniform safety factor 2.4, for example, the working 
stresses should kips per in. for the square section edge, 500 
kips per in. for the rectangular section, and kips per in. for the 
typical I-section. 

the maximum bending stresses computed the usual beam formula 
should accidentally exceed the yield point the material small amount, 
there would apparent over-stress, but sudden yielding the beam. 
small permanent deformation the outer fibers may occur but the curves 
indicate that for the beam whole there could appreciable residual 
deflection removal the load. stresses tension might remain 
the top fibers and compression the lower fibers. However, this condi- 
tion not worse than that which beams plates are straightened 
bent cold fabricating shops. must assumed the foregoing dis- 
cussion that the range stress not sufficient cause the fatigue failure, 
which Mr. Karpov has emphasized. 

There intention suggesting the use design stresses high 
the yield point the material. simply indicated that occasional 
loading such point somewhat beyond produces permanent 
harmful effect. 

There still question the effect plastic flow creep whereby 
excessive loading may cause progressive increase deflec- 
tion. appears reasonable believe that plastic flow appreciable 
magnitude occurs only the plastic region extends over considerable part 
the cross-section the beam. Otherwise, the resistance the elastically 
stressed portion the section prevents further deformation. 
Test data may found the following publications: “Experiments the Yield 
Point Steel under Transverse Sir Kennedy, Engineering, London, 
June, Vol. 115, 736: “The Strength I-Beams Moore, 
Bulletin No. 68, Eng. Experiment Station, Univ. Illinois; “Strength Light 
the late Milo Ketchum, Hon. Am. E., and Draffin, Am. Soc. E., 
Bulletin No. 241, Eng. Experiment Station, Univ. Illinois; “Beitrag zur Frage der 
tatsachlichen Tragfihigkeit einfacher und durchlaufender von Maier- 
Leibnitz, Die Bautechnik, Berlin, 1928, Vol. pp. 11, 27; and mit eingespannten 


und Balken von von Maier-Leibnitz, Die Bautechnik, Berlin, 1929, Vol. 
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The yield point flexure for I-beams varies with the proportions 
flanges and webs. The curves Fig. show the effect variations 
such proportions. interesting note that keeping the flange thickness 


Values of the Ratio, 


Values the Ratio, 


THE YIELD POINT FOR I-SECTION. 


constant and increasing the web thickness always results increased 
ultimate strength, whereas keeping the web thickness constant and increas- 
ing the flange thickness does not always result increased ultimate 
strength. 

The foregoing methods for simple beams may applied continuous 
beams with interesting results. For example, for the rectangular beam 
shown Fig. 50, one pair equal loads which when applied 
mid-span will start yield-point stress section over the middle support, 
and the corresponding load which will start yield-point stress 
section under the applied load. found that the loading may increased 
from 1.198 about 20% without causing plastic stress anywhere 
except the small shaded region over the middle support. With group 
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four equal loads applied the one-third points the spans, the corre- 


sponding increase nearly per cent. 
would seem that any modern future stress theories which aim 

ent use materials 
should recognize the 
effect shape sec- 
tion the ultimate 
strength 
and that some parts 
stressed the yield 
point, and even beyond, without impairing its usefulness. Such recognition 
would tend toward the accomplishment Mr. Karpov’s purpose which 
the designing structures which the evaluated and actual safety 
factors are 


nit 


50.—CONTINUOUS RECTANGULAR BEAM. 


Brahtz that “the photo-elastic method two-dimensional analysis”, must 
taken apply not only the general nature the problem, but also every 
individual point interest the structure investigated the method. 
has not been generally appreciated that many cases which are nominally 
two-dimensional—such the bearing rollers, the distribution stress 
riveted gusset-plates, and the concentrations stress the vicinity 
sharp corners—third-dimensional stresses arise the flat model, due sur- 
face distortions and methods load application the actual model. These 
stresses inevitably balk the investigator, since they affect his tool—the light 
ray—in indeterminate manner, and force him avoid many localized 
regions high stress which may critical certain types design 
involving repeated stress. 

The same limitation encountered when attempt made analyze the 
surface stresses three-dimensional structure means any 
the “surface photo-elasticity” methods, which Mr. Brahtz mentions one. 
sheet any the photo-elastically active materials may conveniently 
examined from one side only, the other side provided with reflecting 
layer return the polarized light the analyzing apparatus. the reflect- 
ing side this sheet attached to, inserted in, loaded model any 
material, the sheet will partake the strains the model, and the stresses 
induced may then determined photo-elastically and used indi- 
cation the stresses the model. The method fails the general case, 
however, due the three-dimensional nature the stresses induced the 
surface sheet the model, and found give accurate results only 
where the stress not changing rapidly, which case strain-gages 
might equally well applied. Further limitations this particular applica- 
tion come from the low stresses induced the photo-elastic model due their 
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unusually low moduli elasticity compared with engineering materials, 
and from the present inability the method give other than the shearing 
stress point. 

addition the usual transmission type polariscope described 
Mr. Brahtz, the writer has found considerable use for portable reflecting 
polariscope which has been designed the Massachusetts Institute Tech- 
nology. this instrument are combined observing telescope conven- 
tional size, mercury are and incandescent illuminators projecting through 
the objective lens the telescope, and polarizing unit mounted over the 
objective lens and serving both polarizer and analyzer. This 
used with specimen provided with reflecting surface separate reflector, 
mentioned previously, and owing its small size may carried model 
loaded any suitable testing machine and moved from point point around 
model any complexity. With its small size goes correspondingly small 
field and low illumination, that the instrument not suited for projection 
work and must used visually over small areas. 

The same portable polariscope can converted from the usual type 
differential interferometer interferometer the Fabry type with which 
the individual principal stresses can determined. The principle this 
interferometer and the equations for the solution its indications are the 
same those the Mach-Zehnder interferometer which Mr. Brahtz 
describes, but instead the expensive reflecting apparatus described him 
the two surfaces the model itself, polished high reflecting power and 
parallelism, are substituted. This method promises inexpensive sup- 
plement other methods. 

connection with the determination the individual principal stresses 
from the shear stress pattern furnished the usual differential polariscope, 
should mentioned that each method has its own field applicability. 
The point-to-point integration methods Filon and Neuber are dependent 
having number free boundary points, other points which the 
complete stress conditions are accurately known; but the other hand they 
are the only methods that can applied models which have flowed plas- 
tically. Such models are importance the fields mechanical processing 
and soil mechanics where the possibilities “photo-plasticity” have only been 
touched. the other hand, the lateral extensometer methods, the Mach- 
Zehnder and Fabry interferometric methods, and the membrane methods all 
depend upon elasticity the model. 

reviewing the past applications photo-elasticity seems that the 
field mechanical engineering has been rather thoroughly covered the 
present methods, and this field now has available sufficient 
data stress concentrations and similar effects enable him handle, 
satisfactorily, most questions dealing purely with stress The overshadowing 
influence fatigue, surface conditions, vibration, stresses, and many 
other factors, lessens the importance accurate stress estimation. con- 
trast, the structural engineer faced with problems which stress calcula- 
tions are major importance the design, and here that photo-elasticity 
may find increasing fields usefulness its present form. 
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the mechanical and physical properties the aluminum and magnesium 
alloys presented the paper Messrs. Jeffries, Nagel, and Wood. The 
authors have wisely indicated quite number conditions for which 
best consult the manufacturer the metals before the selection 
particular alloy made. the latter point which the writer intends 
emphasize. 

Civil engineers, common with majority other engineers, are prob- 
ably most familiar with the ferrous alloys and, through training and associa- 
tion, have become familiar with the interpretation data mechanical 
properties with the ferrous alloys mind. The familiar mechanical proper- 
ties for which values are usually given are the modulus elasticity, the yield 
stress, the ultimate stress, the percentage elongation, percentage reduction 
area, and, more recently, the endurance limit. the engineer proceeds, 
the same testing methods, gain numerical values for these quantities 
for aluminum alloy and for iron-carbon alloy, the question arises, 
basis for the determination the general useful characteristics the 
materials for specific applications. Secondly, one may inquire what 
other information required for reasonably complete analysis, providing 
comparison the measured numerical quantities the mechanical 
properties are admitted legitimate first approximation for estimation 
usefulness. 

order gain some idea the co-relation between the usual measured 
mechanical properties and the information which might required 
civil engineer, important first understand what the quantities deter- 
mined for the mechanical properties actually measure, and then examine 
whether not the properties measured are pertinent the design 
successful structure. 


the mechanical properties usually measured: 


(1) The elongation, the reduction area, and the contraction measure 
the capacity flow; that is, they measure the plastic characteristics; 

(2) The elastic limit and the yield stress give values which the 
plastic characteristics begin; that is, they give numerical values for forces 
required for the material deform flow some small amount fixed 
general agreement; 

(3) The ultimate strength specific stress value measured during the 
course the plastic deformation; measures the force required for plastic 
flow the point where the flow presents the greatest resistance; and, 

(4) The endurance limit value for specific stress which may 
applied any number times complete reversal without causing failure. 


Perhaps the most striking fact about examination these mechanical 
properties that, with the exception the endurance limit, they are all 
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associated with the plastic characteristics the material. Since few struc- 
tures are designed with the intention causing the structure undergo 
plastic deformation, some doubt may arise the value such quanti- 
ties the design rigid structures. The value does lie chiefly that 
these measured properties define region that must surely avoided. The 
yield stress the elastic limit stands the indefinite portal this region 
—they reveal that this point the material “flows little 
matter that must further investigated. 

Nevertheless, the engineer has learned make use these quantities, 
and learned them, perhaps, very largely association with the ferrous 
alloys. may express his doubt the exact location the beginning 
the region which the material “flows being the safe 
side and assuming that that stress value 20% too high; and usually 
makes his structure two ten times strong his best (based 
upon the expected load and the yield stress the material) indicate that 
need be—he uses safety factor. That safety factor can, and is, properly 
intended compensate for more than accidental uncontemplated excess 
loadings, the imperfect state current knowledge stress analysis. 
attempts take into account great many the characteristics the 
material that are unknown the engineer that are not quantitatively 
defined and subject mathematical treatment. 

With this mind the first question may expanded and restated 
follows: conceded that behavior characteristics are usually taken 
into account structures familiar ferrous alloys the introduction 
safety factors learned through much experience, are all these characteristics 
inter-related the case the light structural alloys that the same safety 
factors might used the ferrous alloys? not, are there safety factors 
that will serve such purpose? the light alloys have some characteris- 
ties quite different relative importance from the same characteristics for 
ferrous alloy that should receive special consideration the design 
structures 

may value examine few the conditions that are normally 
imposed upon structure, that might reasonably expected imposed 
upon structure during the course its life, and then inquire into what 
characteristics are indicated for determining the relative value 
materials respect these requirements. 

Anticipated Loadings.—Anticipated loadings both static and dynamic 
nature may approached the manner described Mr. Karpov, making 
use the best methods computing stresses and based primarily upon the 
modulus elasticity, the yield stress, and the fatigue properties. 

Accidental Localized accidental overload may result, 
for example, from the impact automobile other vehicle upon 
structural element bridge. Under such conditions valuable know 
how the material the structure, and, finally, how the structure itself, will 
re-act toward the redistribution stresses. Will the structural element 

fail readily under impact load? sensitive the structural material 
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boundary conditions, stress concentrations, such rivet holes, sur- 
face injuries, corrosion cracks, etc? Will the sudden application load 
cause failure loads much less than slowly applied? The answers are 
dependent upon the capacity the material undergo plastic deforma- 
tion quickly and, therefore, redistribute the stresses. Some idea the 
relative values different materials this respect gained from 
impact testing, especially various impact velocities. more fundamental 
material property which perhaps serves measure dynamic ductility 
the damping capacity, that is, measure the capacity the material 
absorb energy. 

Much work still needs done the correlation and interpretation 
values for damping capacities directly terms useful the design engi- 
neer. Indeed, the first need devise experimental means for measuring 
the damping capacity function applied stress. present, values for 
damping capacity are usually correlated with the maximum stress the 
specimen only, except for very small stresses, the case free bar 
subjected small longitudinal vibrations. 

Relaxation sheet metal contains small hole dis- 
tance least three times the diameter from the edge the sheet, and 
this sheet subjected tension forces, stress concentration occurs the 
circumference the hole and axis the sheet perpendicular 
the direction tension which three times large the stress the 
undisturbed part the sheet. the hole filled tightly with 
rivet, such manner that radial forces are exerted the circumference 
the hole, these stress concentrations may eliminated. Suppose that 
rivet properly driven squeezed hole and then exerts the radial 
force necessary avoid the stress concentration, the question arises 
how long this condition can maintained; that is, will the material relax 
after certain length time and relieve the radial forces? does, 
will result re-establishment the stress concentrations. Obviously, 
information relaxation and creep, well the results practical 
experiments, would value this important case. 

Properties Elevated properties are impor- 
tance bridges, buildings, and structures this type far they aid 
predicting the behavior the structures under unusual conditions as, 
for example, the case local conflagration building. the 
strength properties structural material decrease rapidly with increase 
temperature, may happen that purely local fire will endanger the entire 
structure. would seem that, because their relatively low melting 
points, the aluminum alloys should show much more rapid decrease 
such strength properties with increasing temperature than ferrous alloy. 
Furthermore, those aluminum alloys dependent upon precipitation-hardening 
effects for goodly portion their strength, might expected decline 
strength rapidly relatively low temperatures. the other hand, the 
aluminum alloys possess great advantage their high heat conductivity, 
this being about times great for low carbon steel 100° 
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would considerable interest, however, have comparative data 
structures the two materials designed for the same loading and subjected 
identical conditions local heating. 

The Course Destruction type destruction, 
obviously, started structure built; that is, the natural deteriora- 
tion. For proper consideration this factor, necessary consider 
the corrosion properties relation the corrosive agents likely act 
upon the material the structure, the fatigue properties, the creep, the 
influence the expected atmospheric temperature variations, and, 
the case precipitation-hardened materials, the influence time itself. 
Since the acquisition the highest strength properties the case some 
the precipitation-hardened materials function time after the solu- 
tion heat treatment, one might expect that deterioration properties might 
also function time. This can shown true tests elevated 
temperatures. From theoretical considerations one might expect precipita- 
tion-hardened material thermodynamically more unstable room 
temperatures than elevated temperatures that the tendency for 
decrease strength properties greater room temperatures. However, 
quite certain that the rate approach the condition thermody- 
namically lower energy level (and, consequently, decreased strength prop- 
erties) much less the room temperature. Information regarding 
strength properties the light alloys after long times, under stress, and 
subject the usual temperature variations the atmosphere, would 
much toward deciding whether not this consideration any practical 
importance. 

the event that structure does fail overloading, part 
fails fatigue, and that this local failure leads failure the entire 
structure, how will fail? Will fail suddenly will there some 
warning, such apparent slow deformation the structure? Obviously, 
some clue this gained comparison the plastic characteristics 
the material—exactly those properties most often measured and listed. 
Let one gain the impression that all this desirable information 
available about structural steel and not available about the light alloys. 
This certainly not the case; but. engineers have used structural steel for 
long time, and there incorporated the safety factors which they apply, 
some estimation many these unknown characteristics. The future will 
undoubtedly see considerable use the light alloys for civil engineering, 
and has been the writer’s intention indicate that values for the ordi- 
narily measured behavioristic characteristics, coupled with the usual safety 
factors—or perhaps with any one two safety factors—will very likely not 
sufficient produce good design. 

the present state knowledge and consideration the relative 
unfamiliarity structural engineers with the light alloys, the advice 


Messrs. Jeffries, Nagel, and Wood “consult the manufacturers” should 


strongly emphasized. 
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Ese. (by money spent the effort 
solve the various angles the corrosion problem, with the ultimate object 
producing superior metals, staggering. Enormous numbers long-time 
exposure tests are being conducted many parts the world under all con- 
ceivable conditions. the other hand seems that intensive studies 
service records either have not been equally stressed, the results have not 
been published made available the interested student. Therefore, 
suggest that additional effort made analyze carefully the various 
factors that have resulted the innumerable examples exceptionally good 
and exceedingly poor service records the various metals. not within 
reason anticipate that findings value, comparable those obtained 
from exposure tests, might the equally intensive laboratory studies 
service records. 

Although deeply interested the various factors connected with the 
problems corrosion, the writer’s observations have been entirely confined 
the study limited number examples metal deterioration, which 
one more large group marine organisms has been designated either 
directly responsible for, producing indirectly the conditions favorable 
for, accelerated corrosion. read recent engineering reports that the 
“marine borers” were responsible for excessive deterioration certain steel 
structures California; and other reports that probably certain species 
Balanus accomplished the same results means some powerful secre- 
tion, certainly sufficient arouse one’s curiosity. Although the destructive 
powers the marine borers should not under-estimated, scarcely fair, 
when causes are difficult find, nonchalantly blame the “bugs.” Some 
effort should made either prove remove the implication that marine 
organisms, particularly marine borers, are contributing factors major 
importance. prove them entirely innocent this particular outrage not 
simple matter first anticipated. Dr. Speller and others have 
indicated™ some very insidious methods means which the marine organ- 
isms may after all contribute their share metal corrosion. However, actual 
proof seems still lacking. 

accumulation records the biological, chemical, and electrical con- 
ditions surrounding outstanding examples excellent and poor service, 
together with the analyses the metal involved, would not appalling 
program research, particularly when the annual losses due corrosion, 
described and tabulated Mr. Aston and others, are taken into consideration. 


application stainless steels, aluminum alloys, and magnesium alloys have 
been presented Messrs. Ragsdale, Hartmann, and Winston, respectively. 
The three papers will considered together engineer faced with the 
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necessity for making decision the materials for his design. will 
appreciate Mr. Hartmann’s paper best, perhaps, because gives him practical 
design data rather than physical properties and generalities which, although 
significant, may not bear his specific problems. Obviously, there are other 
criteria than strength, weight, and cost the metal involved structural 
mechanical design. The engineer responsible for decision must assured 
durability and maintenance, procurability quantity without sacrifice 
uniformity, shop and erection tooling and practice, and other factors which 
bear over-all safety. There less information offered concerning the latter 
factors, applied stainless steels and magnesium alloys. 

The engineer, for example, may interested the possibility light- 
weight floors for existing bridges, the substitution such floor will 
prolong the life the bridge; but loathe abandon conventional 
materials. possible that such floors could built stainless steel with 
satisfactory weight, life, and durability, but the cost material and fabrica- 
tion would high. Since neither rolled nor extruded are available, 
all beams, stringers, and secondary members must built up. They could 
not welded the existing structure, all probability, since torch-welding 
affects the stainless steel and shot-welding out the question thick 
members mild steel. would difficult drill them the field that 
they could riveted, and riveted-joint design thin members uncertain 
and complicated. existing stainless stee] structures would appear 
difficult. Moreover, for bridge loads, substantial sheets would required 
instead the light gages used rail cars and deck houses. These sheets 
are well-nigh impossible shear and are difficult form they have con- 
siderable “spring-back.” bent too sharply there seems effect 
the grain structure due the excessive cold working, with the result that the 
corners corrode. From these considerations one might conclude that stainless 
steel, utilized present, would not economical, although its durability 
and low maintenance costs tend offset the higher costs the material 

real virtue stainless steel lies the indirect savings makes possible 
for low-weight, high-speed means transportation. The light-weight train 
operating miles per can lighter rails and bridges than 
possible with standard equipment. Duralumin magnesium can con- 
sidered equal stainless steel from this point view, although one may 
question both from the standpoint fire hazard, particularly the magnesium 
alloys. The latter are also questionable from the standpoint corrosion, 
especially climates burdened with salt moisture chemicals. 

From what the writer has observed the corrosion duralumin con- 
tact with steel airplanes, would question Mr. Hartmann’s recommenda- 
tion that steel rivets and pins used for connections structural aluminum. 
With adequate paint, corrosion can doubtless prevented, but all one has 
look around bridges these days see how little paint they get. 
Such connections are questionable, particularly near the coast where the fogs 
are salt, over railways where the blast from locomotive blows sulfurous 
gases against the structure. 
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buildings, the criterion for stiffness may the plastered ceiling which 
has definite deflection limit cracks are avoided. true that 
aluminum beams can made deeper that they will have the required stiff- 
ness, and yet lighter than steel; but when fireproofing added, the total 
weight great as, greater than, that the steel. Little nothing may 
saved the weight the building. Magnesium stainless beams prob- 
ably suffer from the same lack stiffness; the one due low value 
the other due the use deep, thin-walled elements carrying high unit 
stresses. 

The engineer needs know the limits available standard elements 
construction for stainless steel and magnesium. Stainless sheets seem 
limited width because the difficulty rolling hard metal con- 
stant thickness. The writer does not know what the limits are for the various 
gages; assumes that magnesium not available long extruded sections 
having larger areas. Aluminum alloy was this condition before 1926. 
Stainless steel can formed through rolls that long sections are available, 
but they are limited width. difficult know what can done with 
tubes but the structural engineer considers this section impossible one 
any case, since cannot fasten other members conveniently. 

general, the three materials—stainless steel, aluminum, and magnesium 
—are clearly great interest both and the mechanical, 
engineer; but the specific applications will approached with caution and 
step step. fortunate that development the three types metal 
such competent hands, but will require both experience and opportunity 
before engineers are able proceed with confidence the special application 
each uses which has real advantage. 


structural design seems incomplete without including that class material 
which affords the lightest possible construction, namely, heat-treated alloy 
steel, the range 150 200 kips per in. 

Considered terms load-carrying capacity for given weight 
material, metals may compared the basis strength-weight factor 
obtained dividing the design strength value (that is, ultimate strength 
yield strength), kips per square inch, specific gravity.™ 

Taking representative strength values for magnesium and aluminum alloys, 
respectively, and comparing them with steel this basis: 


Magnesium Duralumin Alloy Steel Strength-Weight Factor 


1.8 2.8 7.8 
the foregoing strength values are taken ultimate, they are conserva- 
tive for the metals indicated. they are regarded yield values, the 
factors for magnesium and duralumin are extreme, but that for steel can 
Metallurgical Engr.; Pres., Metlab Co., Philadelphia, Pa. 
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exceeded. Steel, therefore, material, may equal exceed lightness 
the so-called light alloys. 

Steel lends itself admirably assembly any the welding processes— 
acetylene, electric arc, electric resistance, the magnesium and 
aluminum alloys not. 

The autogenous welded joint more efficient regards than the 
riveted joint and, therefore, lighter, thus contributing further 
the lightness advantage steel. 

Comparison the high-grade, heat-treatable alloy steels with the stainless 
steels, such Alloy 18:8 (which derive their strength from cold work), shows 
certain advantages for the less costly material. 

Stainless steels can welded only proprietary process without sacri- 
ficing strength and corrosion resistance. They can given high strength 
(150 kips per in., more) only the form thin ribbons strips and 
must formed and fabricated this hard, springy condition—a difficult feat. 

Their necessarily thin structural sections and the relatively low elastic 
modulus the material tend result flimsiness and excessive deflection 
under load. 

Their costliness somewhat offset their corrosion resistance and attrac- 
tive appearance, and, some cases, their non-magnetic character. 

Heat-treatable alloy steels, such chrome-nickel, chrome-vanadium, chrome- 
molybdenum, and others moderate cost, can used forgings, rolled 
pressed shapes, or, desirably, seamless welded tubing which possesses 
outstanding engineering advantages. These steels are easily worked, hot 
cold, and some are better adapted welding than others. 

Parts may heat-treated prior assembly means bolts rivets; or, 
units moderate size, after assembly, welding, provided necessary precau- 
tions are taken avoid distortion. The weld strengthened the heat 
treatment. 

Magnesium, aluminum, and stainless steels have all been brought their 
highest point development the construction aircraft. The same 
true heat-treatable alloy steels. These steels, tubular form, assembled 
acetylene welding and then heat-treated, have been used successfully for 
many years the most vital parts aircraft, such the landing gear, wing 
beams, and heavily stressed structyral members where great strength, tough- 
ness, reliability, and resistance shock and fatigue, combined with lightness, 
are essential. They are still unequalled the more recently developed 
materials for these locations. 

The three types metal discussed this Symposium are all more less 
subject proprietary interest. Their engineering and industrial applications 
have been promoted vigorously their sponsors, chiefly competition 
with the ordinary steels low strength. 

The heat-treatable alloy steels high strength, being common property, 
have lacked this sponsorship and, consequently, have been rather neglected 
the tush new developments. They offer advantages great importance 
the field light-weight construction, advantages which the Engineering 
Profession may well give careful attention. 
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the alloy steels and the light non-ferrous alloys has been presented this 
Symposium that seems impossible add anything interest the proper- 
ties and applications these materials. There one point, however, which 
was neglected all the authors, which should mentioned. That is, the 
réle played the research laboratories developing these alloys that 
the engineer will have readily available, reasonable cost, material with 
certain distinctive properties combination properties. Although the 
writer will confine his remarks alloy steel they are, perhaps, equally 
applicable the non-ferrous alloys. 

The history alloy steels goes back scarcely fifty years, but that short 
time splendid results have been attained and some remarkable materials have 
been produced. Considering the vastness the field, quite astounding 
that the research laboratories have produced steels which meet almost every 
present industrial demand. The vastness the alloy-steel field may 
realized when remembered that the alloys iron with carbon and 
the eight common alloying elements about 000 combinations are possible. 

Broadly, there are two kinds research alloy steels. difficult 
give them names. They might called scientific and practical; one 
wishes cynical certain physicist, one might call them planned and 
“machine-gun” research. Under the research which the 
writer bas tentatively termed “scientific” “planned” included work 
constitutional diagrams and its ramifications. There are many outstanding 
examples such work American metallurgists. This type research 
has its object the addition basic knowledge alloy systems and may 
may not have practical consequences. metallurgist will deny, however, 
that important that the gaps basic knowledge filled soon 
possible, even nothing practical results. 

Practical “hit-or-miss” research essentially carried using 
base material commercial carbon steel cast iron, and adding special 
alloys, treating the material special ways, note what For 
many years most the research alloy steels was conducted this manner, 
and most the common alloy steels are the result such work. There 
much justification for it, because the effect combinations alloying 
elements can rarely predicted from the known effects these alloys when 
used singly. Much the research the present time combination 
planned and “hit-or-miss” methods. 

One the important essentials beginning research work alloy steels, 
whether fill gap basic knowledge develop new low-alloy 
steel, for the metallurgist sure that not repeating work already 
done some one else. Despite the fact that only few hundred, most 
few thousand, the 50000000 possible combinations alloys have been 
investigated, the literature alloy steels enormous. such 
research are scattered through thousands journals and books many 


Metallurgist and Editor, Alloys Iron Research, The Eng. Foundation, New York, 
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languages. Reviewing this literature time-consuming and, except where 
large libraries are available, practically impossible. Consequently has fre- 
quently happened the past that, after metallurgist had completed his 
research, found that similar work had been done previously some 
one else. 

avoid such unnecessary duplication effort “Alloys Iron Research” 
was founded 1929 The Engineering Foundation. Its object review 
this vast literature, out” the clearly erratic work, correlate and sum- 
marize the remainder, call attention conflicts data, and 
research fill gaps basic knowledge. The results this critical review 
the world’s research are correlated series monographs which give 
the metallurgist all the essential known data alloy steels, thus enabling 
him plan his research and development work with loss time and effort. 
They also give the engineer unbiased summary the properties 
all the alloy steels known to-day. 

What will the future alloy steels any one’s guess. has been said 
that the world entering alloy-steel age. one knows now how many 
the 50000000 possible alloy steels will worthless commercially 
least better than the ones available to-day. one knows how many 
them will have remarkable properties, remarkable perhaps that veritable 
revolution construction may occur when they are developed. The most that 
can said that good alloy steels are available to-day (steels which are 
entirely satisfactory for many commercial applications) but that more research 
needed develop new steels, improve the properties and reduce the cost 
the older ones. That the iron and steel industry recognizes this plain 
from the speed with which its laboratories are working, from the rapidly 
expanding literature reporting the results research, from its splendid 
co-operation the basic research fill the gaps the knowledge alloy 
systems, and from the new alloy steels which are made available each year. 
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THE MODERN EXPRESS HIGHWAY 
the 
Discussion 
beca 
Jr., Jun. Am. Soc. (by more and judg 
more monies are being expended for the renovation obsolete highways, this 
paper comes opportune moment. succeeds admirably outlining 
the subject building safety into highway design, and suggesting desirable cont 
researches and tests. This discussion presents the results experiments per- 
taining various design details, refutes the theory that the design high- 
ways for high speeds will lower the accident rate, and suggests alternate 
method for lowering the accident rate. 
The Design design speed 100 miles per appears 
unnecessarily high. may true that automobiles can built cruise 
100 even 120 miles per hr, but that fact itself does not justify the 
design highways for those speeds, because the average driver will never safe 
travel that fast. Conceivably, few drivers might develop high speeds, but facto 
their numbers would far too small warrant the additional expenditure the 
involved. reduc 
Studies indicate that the intelligence the human race has not increased 
measurably the last 100 1000 yr. Hence, erroneous assume that 
the ability Man reach quick decisions that his tendency make theor 
mistakes will change appreciably the near future. quote from the paper, 
“the present railway maximum speed approximately miles per hr. The 
drivers trains are trained, picked men, familiar with their runs, with 
definite orders and under close supervision.” Even so, there are instances 
trainmen disobeying orders and signals. men with only average judg- 


conditions were allowed take over the operation trains, the number 


accidents would “sky-rocket.” the highways the personnel exactly 
described the preceding sentence, with the additional formidable handicap 


paper Charles Noble, Assoc. Am. Soc. was published 
September, 1936, Proceedings. Discussion this paper has appeared Proceedings, 


ment, slight supervision, little training, and perhaps knowledge road 


follows: November, 1936. Messrs. Fred Lavis, Joseph Barnett, Hawthorn, 
Fairchild, Leslie Schureman, and Purcell. 
Junior Highway Engr., Bureau Public Roads, Gettysburg, Pa. 
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that their vehicles not run fixed rails. The path each car con- 
trolled the driver and, therefore, may subject every possible human 
reaction. Whereupon may reasonably deduced that highway speeds 
ranging close the railway maximum miles per are out the 
question for the average driver. 

speed of, say, miles per might safe, but even this case 
would necessary bar incompetent drivers from the road. practice, 
this proves almost impossible. There are always those drivers who pass 
the most rigid examinations and then proceed reckless, least 
lax, concentrating their attention driving; not mention those who 
become incompetent due ennui and fatigue, and intoxication. 

All which leads one conviction, which is, distasteful though may 
many persons, that the solution fix maximum speed limit. 
Granted that there are some drivers who know what safe speed is, and can 
safely “hit 90”, yet for every such driver there are dozen who can not 
judge whether not they are proceeding safe speed until emergency 
arises. Likely not innocent party who pays with his life for the 
driver’s poor judgment. The proposed speed limit must enforced, sharp 
contrast with most present-day limits. the several means enforcement, 
schooling undoubtedly the best the long run, supplemented with police 
patroling and, some cases, mechanical speed control. 

After exhaustive tests and observations are made and the maximum safe 
speed determined and agreed upon generally, then the minimum design 
standards for that limit may established. Lower speed limits will 
necessary for secondary roads, and for trunk roads congested areas and 
mountainous country. course, there harm building highway 
safe for speeds greater than the speed limit; such construction increases the 
factor safety. The point which the writer wishes emphasize that 
the construction 100 miles-per-hr highways will not itself serve 
reduce the number fatal accidents cars are permitted attain 100 miles- 
per-hr speeds. There certain speed above which the average driver can 
not without appreciable risk fatal accident, matter the road 
theoretically safe for 120 miles per hr. For example, statistics from several 
sources indicate that the majority present-day accidents occur the coun- 
try, during the day, dry pavements, and where the road straight. These 
accidents are inexplicable; they must charged the frailties Man. 

The standard 100 miles per has another vitally important disadvan- 
tage, namely, the high cost, not only for the right way and area pave- 
ment, but particularly for the elimination grade crossings and points 
access, and, except flat terrain, for the grading. Only few the heavily 
traveled arterial routes can qualify being sufficiently important justify 
expenditure. 

The writer not prepared suggest maximum value for the design 
but does conclude that need not very much higher than one- 
the design speed suggested Mr. Noble. 

Table the paper, noted that more than 
all accidents involve pedestrians. These accidents cannot 
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reduced improvement road design, except the construction 


walks, which, incidentally, must have surface equally good as, better 
than, the roadway along which they are built they will not used 
those they are intended serve. About one-half the pedestrian accidents are 
due the carelessness the pedestrian. particularly the 
schools, reducing that cause accidents. The other half the accidents 
that are blamed the driver cannot reduced building high-speed 


Again, referring Table noted that less than the accidents 


involve collision with fixed objects. About one-half these accidents occur 


curves, and one-half, straight sections. Therefore, improvement 
radii curves will not materially reduce the accidents due vehicles leaving 
the roadway, and may increase them encouraging higher speeds curves, 

Again, noted that about 45% the accidents involve collision with 
other automobiles. these collisions, about 11% occur intersections, 
are “head-on” collisions, and the remaining 25% occur with vehicles going 
the same direction. The 11% part may reduced the proper development 
intersections. The majority all intersections, even congested areas, 
will probably remain grade for economic reasons. Much study 
sary determine some type intersection that will not inherently 
ous. For example, islands circles inserted high-speed roads may very 
dangerous. speeds than those prevailing present will certainly 
increase the number accidents grade intersections, regardless their 
treatment, because the unavoidable crossing traffic. The part— 
“head-on” collisions—may reduced the use 22-ft roads instead 
the usual ft, providing ample sight distances, widening and 
easing curves, and, the few cases where four-lane construction 
nomically justified, the use divided roadways. However, since the great 
majority trunk highways (about 95%) will remain two-lane, two-way 
speeds higher than the present average will increase “head-on” collisions more 
than the improved design will reduce them. The 25% portion all accidents 
can reduced about the same manner the just mentioned. one 
instance, statistics show that accidents involving vehicles proceeding the 
same direction are fewer divided highways than two-lane, two-way 
highways. yet, another instance, the accident rate the new divided high- 
way greater than the rate the old two-lane, two-way highway, due 
possibly the higher speeds obtained the improved road. 

summarize, analysis the various types accidents indicates that 
improvements highway design will not serve lower the accident rate 
long correspondingly higher speeds are permitted develop, thus 
strating the futility trying design roads for the maximum speeds 
which modern cars are capable. 

The Dual Highway.—The dual highway undoubtedly indicated 
two-lane highway inadequate capacity. least one instance, the 
concrete slabs one-half new four-lane highway have been jacked 
and moved transversely leave neutral area between cars 
opposite directions, 
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The writer has observed serious disadvantage having width pave- 
ment excess approximately ft, especially for two-lane, two-way high- 
way. Many drivers use the road three-lane highway, despite the narrow 
clearances, making even more dangerous than the 30-ft, three-lane design. 

Superelevation.—Past practice has been superelevate according rule 
thumb, not all. Consequently, the driver never knows what expect 
when encounters curve. The greatest danger lies having series 
curves superelevated for certain speed followed curve superelevated for 
one-half that speed, would the case the first-mentioned curves 
were banked the limit, and the following curve was very much sharper, 
but not banked any higher, inasmuch the limit had already been reached. 

The writer has conducted road tests effort determine the proper 
rate superelevation for various combinations speeds and radii. Modify- 
ing Equation (1) take into account the transverse frictional force that 
developed whenever the speed the vehicle differs from the speed which 
the gravity due the superelevation exactly balances the centrifugal 
force: 


y? 


which, addition the notation the paper, the coefficient fric- 
tion between tires and road surface. 

Observing the speeds which drivers begin encounter difficulty 
keeping their cars under control curves known radii and rates super- 
elevation, substituting these values Equation (16), and solving for values 
are obtained ranging from about 0.05, which practically centrifugal 
force felt, 0.50, which severe centrifugal force felt, throwing 
passengers against the sides the car, and resulting considerable trans- 
verse creeping skidding toward the outside edge the curve. Upon plot- 
ting the coefficient, for numerous values wide band points results. 
curve drawn slightly below the average these points reproduced 
Fig. and repre- 
sents the judgment 
the more con- 
servative drivers 
the allowable 
values for. 
safe driving. 

interesting 
feature the 
graph the fact 
that drivers not 


hesitate develop 


Coefficient Friction 


traveling slow speeds around sharp curves. However, value 
0.30 for still allows some factor safety, for skidding does not 
under normal conditions until reaches about 0.50. This margin 
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need not large low speeds when the car can slowed down 
few feet. the other end the graph, noted that much lowe 
values are obtained, resulting larger factors safety. This 


able high speeds when the results skidding may disastrous, and when 
considerable distance required for reducing speed case the car should 
begin skid, might happen the pavement were uneven, slippery with 
mud grease. 

Table gives the maximum allowable curvature for various maximum 
speeds the values being taken from Fig. and the maximum value 
being assumed arbitrarily per width. sections where ice 
conditions prevail over considerable part the year, lower value, say, 


may advisable, which case the maximum allowable degree curve would 


somewhat less. 


TABLE ror Desian Equation (16) 


mum mum mum 
mum mum mum mum mum mum mum 
speed, curve, f, speed, curve, fr, speed, curve, speed, 
(2) (3) (2) (3) (1) (2) (3) 
0.24 177 0.15 543 0.10 206 


Since, general, the average speed vehicles will not high the 
maximum safe speed, all curves flatter than the limiting curve should 
superelevated for the average speed, using Equation (1), taking care, 
ever, that the use low value resulting from that computation wil 
not cause transverse friction factor, greater than the allowable for the 
maximum safe speed computed with Equation (16). 

writer begs differ with Mr. Noble’s opinion that 
curves are unnecessary. illustrate, assuming curves 2900-ft 


with 1000 tangent between reversals, suggested the paper, 


introducing spirals 1000-ft length (which will consume all the tangent), 
computations show thet the offset required for inserting the spiral 
the tangent and circular curve 14.35 ft. This transition cannot 
plished car within 12-ft lane when spirals are omitted; the driver 
forced make his own spiral rather short order stay within the 
Such abrupt spiral requires special concentration and judgment, which 
foreign the ideal stated the paper that veuicles should enter the curt 
smoothly, without tendency thrown out—almost 
When the spirals absorb ali the tangent, the preceding illustration, thet 
break curvature—the driver turning his steering wheel 
stant rate between the curves; but with piece tangent between the 
the driver must adjust his car run the tangent for few 
and then adjust his car the next curve. 


and 
mer 
due 
rele 
safe 
cert 
pest: coeffi- 
per 
not 
per 


THE MODERN EXPRESS HIGHWAY 1649 


Contrary general belief, the highway with the longest possible tangents 
not the ideal sought. flowing alignment much more pleasing 
and restful the traveler than monotonous “straightaways” followed 
abrupt (although under the maximum degree) curves. This suggests the use 
very long spirals between tangents and circular curves. The ideal treat- 
ment sharp curve, especially sharper than the standard, intro- 
duce spiral (or perhaps series other curves) gradually increasing 
curvature for sufficient distance ahead the curve enable the driver 
release his throttle automatically and reduce his speed enough make brak- 
ing unnecessary. addition, sharp curves should signed indicate their 
safe travel speeds, for the benefit that great number drivers who are not 
gifted with sufficiently accurate judgment. The foregoing treatment far 
safer than the usual method, which design road for high speed until 
certain under-pass topographical feature encountered and then promptly 
forget the standards. 

going around curve, whenever vehicle develops lateral coefficient 
friction, designated the body tilts with respect line normal the 
axle. Upon entering the curve, advisable the develop the factor, 
gradually; otherwise, there will discomfort due sudden tilting. Since 
varies directly with the degree curve, transition with uniformly increas- 
ing curvature would allow uniform increase spiral curve has the 
property uniformly increasing curvature; therefore, is, used for 
the purpose. 

the rate change acceleration toward the center the curve, 
the length spiral, feet, the velocity the vehicle, feet 
per second, the radius the circular curve, feet, and, the curve 
not superelevated 


Tests conducted the writer indicate that: (1) value less than 
per sec per sec per sec does not cause noticeable lurch the vehicle; (2) 
value greater than does cause noticeable lurch; and (3) value 


great per sec per sec per sec causes bad lurch. Substituting for 
Equation (17), and solving for 


Changing miles per hour, and substituting 
unbanked curve, and Equation (19) reduces 
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banked curve, the part the centrifugal force represented 
balanced out the gravity force due the banking, and does not operate 
tilt the vehicle with respect line normal the axle; therefore, Equa- 
tion (20) holds good for both banked and unbanked curves. 

This formula gives the minimum length spiral required for any com- 
bination maximum safe speed, radius curve, and superelevation. Upon 
applying the formula practice, however, develops that the length 
computed too short because other considerations. If, for example, 
ft. shown subsequently, the minimum length transition from 
240 ft, with recommended length twice that amount. all cases, the 
spiral should have the same length the superelevation transition order 
provide uniformly increasing curvature simultaneously with uniformly 
increasing superelevation Therefore, Equation (20) may discarded 
superfluous. 

Superelevation vehicle proceeds over superelevation 
transition, rotates about longitudinal axis. This rotation, angular 
velocity, change per second the rate superelevation, may expressed 


3 


the difference rates superelevation the ends the tran- 
sition; and the length the transition, feet. 

the case where the superelevation increases uniformly from 
the angular velocity jumps from zero certain value the beginning 
the transition, maintains this value throughout the length, and then 
drops back zero the end the transition. This causes the vehicle 
lurch each end the transition, because the change angular velocity 
very abrupt. 

The change per second angular velocity, angular acceleration, may 


3 
curve each end the straight-line transition. The length this ver- 
tical curve, “rounding”, may great Ls, which case there will 
tangent left, may any length shorter than The writer has 


used although cannot prove that that proportion the best. 


Substituting for the expression for angular acceleration becomes, 


Experiments made the writer show that angular acceleration 
than 0.06 per sec per sec per sec produces uncomfortable lurch, but that 
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one-half that value, or, say, 0.027, satisfactory. Substituting that value for 
the angular acceleration and solving for 


which, changing miles per hour, reduces to: 


If, for example, the maximum safe speed miles per and the 
change superelevation 0.10, the required length transition found 
240 ft, with 120-ft vertical curves. other maximum safe speeds, with 
the same difference superelevation, the required lengths are direct pro- 
the length, found 340 ft. This almost one-third less than the 
480 ft, which would used were assumed that the length transition 
should proportional the change superelevation. This advantage 
locations where the tangent distance limited, which probable where 
the curves are sharp enough require the maximum allowable superelevation. 
the other hand, the tangent not limited, and the introduction 
longer transition feasible, the writer suggests that values 
given Equation (22) used. When the transition quite long, 
the rounding its ends may unnecessary refinement, which case 
straight-line transition may used. 

icy pavements does not justify limiting grades 5%, 
assuming there are other considerations limit desirable. 
The extra cost grading the disadvantages the more tortuous alignment 
necessary provide grade may far exceed the accumulated cost 
spreading sand cinders over the icy pavement from time time during 
the winter months. 

there relatively little truck traffic, short lengths grade tan- 
gent are not objectionable, but long grades should not exceed tangent, 
and should compensated curves. gently rolling profile with very few, 
any, tangents produces more pleasing appearance than series tangents 
connected with comparatively short vertical curves. summits, vertical 
curves should flat enough provide sight distance equal the distance 
required stop vehicle. the design two-lane, two-way road, then 
passing would not permitted summits, but would provided for 
frequent intervals sections road allowing much longer sight distances 
horizontal and vertical curves. 

The normal length head-light beam will not affected vertical curves 
the foregoing standard are used, because, especially black road, the 
lights are little value more than 300 ahead the car, or, say, 400 
with the brightest lights allowed present regulations. that distance, 
the edge the road cannot distinguished. object, such cow, the 
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middle the road not recognized obstacle until the car within 


400 it. 

Sight Distance.—Tests conducted the writer show that wet 
nous surface may have coefficient friction low 0.54, and that when 
traveling high speeds, dangerous apply the brakes hard enough 
develop all the coefficient friction, especially curve. Using 0.40 asa 


safe maximum, and allowing 1.5 sec for the average driver re-act 


emergency, the formula for stopping distance (on level grade) becomes, 


Sight distances, both vertical and horizontal curves, should not 
less than the stopping distance, computed, using the safe maximum speed 
Equation 

writer endorses the remainder the paper. Classifying 
accidents according three types contributing factors—faulty cars, roads, 
and drivers—only the accidents are found the result faulty cars; 
about 20% result from faulty road construction, and the remaining 
fourths result from faulty drivers. true that there are often poor 
features road design involved, but the drivers show bad judgment not 
allowing for those poor features. support the foregoing, statistics show 
that, any one year, about 75% all drivers have accidents, and that 
all drivers have about 30% the accidents. Several commercial 
firms, employing more than 1000 drivers, have succeeded reducing their 
accident rate one-fifth, eliminating drivers who were frequent 

study railroad grade-crossing accidents provides some insight into 
the actions the average driver. several million observations, about 10% 
drivers were classified not exercising reasonable care crossing 
tracks. When drivers survive accident, they often claim that they never 
saw train that particular crossing before, and, further, claim they neither 
heard nor saw the train, although facts prove that was impossible for 
normal person not have done so. Perhaps that why many drivers over- 
take and pass cars summits hills, because they have never been caught 
car coming toward them that particular hill: wonder there are 
many collisions the highways some persons drive “blind” and 
and 10% not exercise reasonable care driving! 

The writer recommends that about drivers, the more prolific 
dent-makers, deprived the privilege using the highways. Then, with 
the improvement highways designing for safe, reasonable speed, 
and the positive regulation traffic conform that speed, the. accident 
rate should reduced point well below one-fifth the present rate. This 
can done, proved Evanston, that cut its accident rate 
its former rate within few years. 

hoped that there soon will nation-wide standardization and 
enforcement traffic rules and licensing drivers, and standardization 
features road design. 
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questions the future highway systems the United States raised 
this paper. The subject deserves the attention highway designers, 
administrators, and the general public. Before consideration details 
design three questions fundamental nature arise: (1) there present 
need and demand for express highways described the paper? (2) Can 
they operated safely? (3) there economic justification for them? Dis- 
cussion some the phases the present highway situation may throw 
some light the future. Highway safety much the public mind and 
certainly every one concerned with the administration and design high- 
ways should give serious thought contemplating the highways the 
future. favorite method foretelling the future examine the past for 
trends and project these trends forward. Trends have way continuing, 
but many them decrease pace and some, finally, come end. Each 
trend should examined carefully for those factors responsible for its growth 
and the favoring its continuance. 

One the conspicuous trends the past the higher average speed 
automobile operation. Four-wheel brakes, low centers gravity, better tires, 
better metals improved power plants, and straighter, wider, and sur- 
faced highways have supported this trend. Will continue and, how 
far? Will reach 100 miles per average, for large numbers 
vehicles, the main roads? To-day, occasional vehicles operate that 
speed few places. this indication future average conditions? 
the other hand, what tends arrest this trend? 

Perhaps the increase the accident rate which now arousing the public 
will act damper. accidents attributed speed? Perhaps not 
altogether, but few will deny that speed contributing cause. ten 
accidents picked random, how many would have been avoided reason- 
able reduction speed? The effect reduction speed give 
greater margin time and distance avoid trouble. most accidents 
occur within sec, extra second means much deceleration 
steering clear object. Furthermore, the seriousness many accidents 
function the speed contact. 

maintained some that the combination speed and bad driving, 
and not speed itself, the cause accidents. Most drivers over-estimate 
their ability drive safely the higher speeds. The formation situations 
likely result accidents very frequent occurrence. Often, consider- 
able skill necessary avoid contact. Should not good driving prevent 
the formation such situations? One might define good driving always 
having the vehicle under that degree control which permits sufficient 
margin time and distance take appropriate action avoid contact. 
this definition how many drivers would classed good? Even the best 
drivers have lapses inattention and absent-mindedness, and are saved 
from accident fortunate circumstances. Any interested observer can 


Engr., State Highway Dept., Trenton, 
the Secretary November 1936. 
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testify the many bad driving has seen. How many 
drivers never drive faster than warranted the range their lights? 
What the proportion good and bad driving high-speed highways? 
Should not something done about the bad driving before average speeds 
increase 

Perhaps the future there will some method eliminating the bad 
drivers and educating the others into being good drivers. How fast, then, can 
good driver drive? The manufacturer constantly improving the “road- 
ability” the automobile that the individual can keep the vehicle its 
course more easily. one can foretell what the limit may be. Probably, 
however, there will always need sudden stops long the operation 
automobiles remains subject the whims and judgment individuals. 
far can foretold now, the rate deceleration the vehicle must 
always depend friction. The surfaces roads, brakes, and tires may 
improved this respect, but does not appear that any great improvement 
can made this direction. Certainly, the rate vehicle deceleration can- 
beyond the possible rate deceleration the human body without 
injury. 

With all the engineer can build safety into the road cannot 
build good driving individuals into it. That must always remain matter 
individual responsibility. not the engineer improves align- 
ment, widens pavement and shoulders, separates grades bridges, separates 
opposing lines traffic, and solves the problem posting adequate and 
proper signs, there will always individuals who will drive carelessly 
and too fast for the conditions. There are some hazards, furthermore, which 
the engineer cannot remove, such fog, sleet, and blinding snowstorms. 
lies within the ability the highway designer reasonably safe 
roads for the use prudent drivers. possible desirable try 
beyond this ideal? Many modern roads have all the features safe design 
for reasonably prudent drivers, and yet the accident toll them continues 
alarming rate. seems that the removal each hazard adds 
speed. 

From economic standpoint the justification the construction 
express highways must rest their capacity carry very large number 
vehicles and save for them something worth the cost the highway. 
Either distance, time, annoyance, operating cost, dangerous conditions 
must decreased. Distance often can reduced re-alignment, but for 
the main lines travel doubtful whether this reduction would amount 
more than were all the main roads rebuilt new alignment. Saving 
time would depend the saving distance, elimination stops, and 
higher rate speeed. The operating cost automobiles function 
speed, the increase being very rapid beyond miles per hr. Improvements 
the vehicle the future will undoubtedly effect greater savings 
operating cost, but the relationship increased cost for high speeds will 
probably hold. Hazard the main roads almost entirely function 
speed and the volume traffic. 
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There another economic aspect the subject express highways. There 
are now extensive systems transportation road, rail, water, and air 
the United States. Each system capable producing certain kind 
service with the greatest advantage. Some overlapping service inevi- 
and even essential, that each system will render the best possible 
service its field. The modern highway has already encroached upon the 
field formerly regarded belonging the railroad, forcing the railroad 
companies re-adjust the service offered the public. This development 
can regarded healthy far has gone to-day and perhaps can 
still further without harm; but seems probable that the principal railroads 
the future will furnish service not economically furnished the high- 
ways. there need and economic justification providing complete dupli- 
Are there not many highways yet built before there necessity 
for further rapid encroachment the railroad field? The railroads are 
adjusting their service provide safe and comfortable means travel for 
long distance high speed. For speeds beyond those which the railroads 
the future will provide there are airplane systems. the highway, with its 
mode operation, ideal system for providing all kinds 
transportation 

better highways are built, the older roads suffer comparison the 
public mind; but all roads not conforming the highest standards design 
should not thought obsolete. Their useful life not nearly because 
they must important part the highway system for many years. Day 
after day many them are providing service commensurate with the needs, 
and producing return commensurate with the investment them. 
course, many others can rebuilt economically and, when rebuilt, should 
changed provide better service; but there are many which, although they 
are not efficient new ones would be, cannot re-designed for long 
time. Nor are they generally regarded dangerous, inasmuch they are 
driven slower and more economical speeds those who have become accus- 
tomed them. examination the accident records these roads does 
not indicate that they should discarded. 

There one accident for approximately 200000 miles driving. one 
could witness 200 000 miles driving one person—or better, miles 
4000 persons—over average streets and roads, one would see wide range 
speeds, great difference the skilful handling motor vehicles, and all 
shades driving between good and bad; and yet only one accident would 
occur involving injury driver, passenger, pedestrian; 3999 out 4000 
would come through 50-mile trip safely. What reasonable conclusion 
draw from this fact? 

Although the automobile manufacturer has done good job production, 
both from economic standpoint and from that convenience and safety, 
modern automobiles are now equipped with power plants far beyond the needs 
even desires the average motorist. This excess power seldom used; 
economic waste and probably contributing cause for much bad driy- 
ing. has been said that excess power very convenient emergency. 
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the other hand, the mere possession often invites the creation 
such emergency. The lack would force reduction high speed 
and, and large, would far safer. emergencies this nature which 
require exceptionally good driving others the road. the fact that 
the manvfacturer providing something not needed and not the public 
interest valid reason for building roads keep pace with it? 
the manufacturer the future will probably able supply power plants 
capable speeds 200 even 300 miles per hr. Imperfections the 
mechanical machine are gradually being overcome; but the human machine 
the limiting factor the attainment highway safety. 

The problem the future highway, then, related the capacity 
individuals drive safely, their economic needs, and the standard 
living the motorist which the cost improvement must rest. There 
much that not clear, much that unknown, and many questions 
answered before the specification for the future highway can written. 
the meantime, the highway engineer will continue what can 
interpret the immediate needs the large majority motorists, build 
well accordance with the funds provided, and try eliminate road 
hazards which conceivably are contributing causes accidents. What lies 
beyond must await future developments. 


Jun. Am. Soc. (by presenting this paper 
the author has afforded timely opportunity for discussing some the factors 
that affect the design the modern highway. The design many highways 
and highway structures under construction to-day scarcely adequate for 
safe driving modern-vehicle road speeds and, the present progress 
motor-vehicle design continued, the roads being built to-day will obsolete 
almost before they are completed. discussion superelevation and curves 
seems especially pertinent, because these are features design that have 
direct bearing safety and that have not been given the attention and study 
that they deserve. 

true that Equation (1) yields rates superelevation that are higher 
than required for safe and comfortable riding. However, the practice using 
speed lower than the design speed this equation not satisfactory. 
more scientific attack this problem can made considering the forces 
that prevent side-slip outward when the speed travel such that the 
resultant the mass the vehicle and centrifugal force not normal 
the pavement. When these frictional forces are considered, Equation (1) 
becomes, 


(24) 
Tr 


which the average coefficient friction developed between the tires 
and the pavement order prevent side-slip. 
Junior Highway Engr., State Div. Highways, Bureau Maintenance, Springfield, 
Received the Secretary November 1936. 
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Values varying from 0.15 0.20 have been used, but investigations 
have indicated that they are too high for comfortable riding and safe driving. 
The writer conducted brief series tests determine the safe speed 
curves, using Equation (24) and the definition that the safe speed was “the 
minimum speed which the driver passenger feels side pitch outward.” 
Two cars with driver and one two passengers were used for this investi- 
One car was equipped with knee action and the other with transverse 
springs. 

Test runs were made both directions seventeen curves, and the speeds 
which side pitch became noticeable were determined Additional runs were 
made speeds calculated from values 0.15 and 0.10. Table 
gives the curve data, test speeds, and values 


TABLE 3.—Tests Sare Curves 


he 2s o o é 2 os o o 


The following conclusions were obtained the unanimous opinion all 
persons who participated the tests: 


(1) The speeds which side pitch first becomes noticeable are slower than 
necessary for comfort safety; 

(2) The speeds which require friction coefficient 0.15 create very 
definite side pitches such magnitude uncomfortable, require undue 
effort steering, and often border being dangerous, particularly when 
meeting traffic; and, 

(3) The speeds which develop friction coefficient 0.10 create definite 
side pitches that are reasonably comfortable, require appreciable but not 
excessive steering effort, are not dangerous, and are fast and reasonable 
speeds every case. 


the author’s example for determining the minimum radius using 
Equation (1), the design speed was 100 miles per and the rate super- 
elevation was in. per width. Then, the assumption was made that 
would satisfactory design for miles per and the minimum radius 
was calculated 2900 ft. The danger making such assumption 
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shown taking the same example and solving for the radius, using the true 
design speed 100 miles per and Equation (24) which taken 0.1. 
From this formula, the calculated minimum radius becomes 3700 ft. The 
difference between this radius and the one obtained using the methods now 
common use certainly indicates the need for more scientific design 
curves, particularly for high speeds. 

Table shows considerable range the values for speeds which 
first create side-pitch. There are several reasons for this, one which 
the personal element which existed noting side-pitch. However, certain 
physical the curves also cause these differences. Such items 
length and roughness the pavement, undoubtedly 
affect the results such tests and indicate that these items must consid- 
ered design. This leads directly the author’s discussion the transition 
between normal crown and supereleyation, and his statement that “it 
doubtful whether curves will necessary.” 

the design “to such that the vehicle may enter and leave the curve 
smoothly—almost automatically”, the spiral will necessary all super- 
elevated curves. Although engineers know that the spiral provides uni- 
form rate change degree curve, many them fail realize that its 
principal advantage that also provides uniform rate change the 
superelevation that the superelevation any point the spiral curve 
exact agreement with the degree curve that point. 

There need for presenting the theory the spiral because several 
useful spirals have been developed. However, railroad engineers have learned 
considerable about curves and spirals, and their knowledge can, and should, 
applied highway design; for example, they have found that supereleva- 
tion cannot introduced across the track gage rate greater than in. 
per sec without creating uncomfortable riding condition. Therefore, 
superelevation highway should not introduced rate exceeding 
0.02 per per sec, and the length spiral curve with superelevation 
in. per should approximate the distance traveled sec the design 
speed. this basis, curves designed for speed 100 miles per hr, with 
superelevation in. per ft, should have spiral approximately 600 long. 

Highway engineers are loath accept the spiral necessary feature 
design, partly because they not realize the ease with which can cal- 
culated and applied. The writer was taught type spiral which requires 
about min calculation preparing the field notes and negligible 
amount excess time staking out the spiral Resort tables 
unnecessary. 

The author states that “failure attribute faulty road design 
due several causes principal which the subtlety the problem.” 
This probably true especially with respect accidents curves, which 
too often are listed being caused driving too fast for conditions. 

automobile entering curve subjected new forces and, modern 
fast speeds, these forces often change magnitude and direction very rapidly. 
Superelevation for curves usually introduced the tangent over dis- 
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tance termed the “run-off.” vehicle traveling over the run-off subjected 
lateral force which must overcome turning the steering wheel 
direction opposite that the curve. Otherwise, the vehicle will move 
toward the inside the curve, thus crowding the center line pavement 
edge with occasional disastrous results. 

The instant the car enters the curve, forces acting the car change 
instantaneously, requiring very rapid and usually complete reversal the 
direction steering. The changes may great that the steering wheel 
cannot turned rapidly enough and the car thrown partly wholly out 
control and accident results. The subtlety the problem now enters, for 
the accident report states “driving too fast for conditions.” the mistake 
the driving the conditions? The common assumption that the 
driving. Engineers familiar with the spiral will claim that the conditions are 
fault. There absolutely reason why the driver should have attempt 
overcome the sudden change forces because properly designed 
will spiraled and sudden change any appreciable magnitude the 
forces which must overcome steering will never occur. 

The writer has expressed the opinion that Equation (24) gives satisfactory 
results computing curve requirements. This formula was not advocated 
because better than Equation (1), but better than Equa- 
tion (1) ordinarily used. other words, Equation (24) logical way 
take into consideration the degree overbalancing that can tolerated 
rounding curve, whereas the attempt this substituting speed 
less than the design speed Equation (1) not based upon scientific analysis 
and often unsatisfactory. Equation (24) should afford desirable “mini- 
mum standard”, but highways are designed for the greatest safety, 
why not adopt the best available, which Equation (1) using the true design 
speed rather than guess “safe” speed? Similarly, spiraled curves are 
certain safer than non-spiraled ones. Use the spiral. 

Incidentally, this contention applicable many other design standards. 
Too often “minimum standard” becomes “the” standard, that, many 
instances, standard curves 1500-ft radius have been built where flatter 
curves would have been just economical and certainly more desirable. The 
highway engineer must remember that minimum standard the worst that 
permitted use, and that good design requires the use something 
better than the minimum allowable reasonably practical. use mini- 
mum standards when better can obtained usually “penny wise and 
accident foolish.” 

The writer cannot agree with the author’s general contention that signs 
constitute hazard. Wooden posts, in. square, furnish excellent mounting 
for signs and, struck car moving fair rate speed, they snap 
off without causing appreciable damage the car. The types signs now 
use would useless because lack visibility, suspended from over- 
head cables. Flexible standards sufficient rigidity furnish adequate 
support for standard signs subjected wind pressure, vandalism, and other 
buffetings would just dangerous wooden posts. 
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properly designed modern highway should require few signs. the 
design speed placed limit, such 100 miles per hr, the “standard” 
signs now advocated will wofully inadequate. 

The author commended for emphasizing the fact that the highways 
being built to-day are scarcely abreast the car to-day, not mention 
the car the future. The highway engineer must exercise his imagination 
visualize the conditions that will exist the years come, and base his 
work upon the conviction that the best design scarcely good enough. 
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SIMPLIFIED METHOD DETERMINING TRUE 
BEARINGS LINE 


Discussion 


JOHNSON, WALTER STARKWEATHER, AND DAY. 


Ese. (by engineers, whom the intri- 
eacies field astronomy are mystery, will welcome this paper and the 
simplification the work finding the azimuth line which enables. 
For the very reason that addressed those who are not fully acquainted 
with the subject, seems all the more desirable draw attention some 
points which, they stand present, are likely cause confusion. 

Consideration the formulas the paper shows that the exact time 
observation does not enter into the computations. The only purpose for 
which the time observed that obtaining the correct declination the 
sun from the ephemeris. 

The limitations Table its present form with somewhat wide 
intervals 1°, will result great accuracy the azimuth obtained. 
The author suggests probable error Accepting some such degree 
accuracy, can easily shown that even the more unfavorable 
seasons the year, when the sun’s declination changing most rapidly, 
the time observation known the nearest min, the present pur- 
pose will adequately served. Thus, would quite sufficient for the 
observer look his watch and the end the observa- 
tions, and take the mean the times, even record merely one time, 
the nearest minute, when reversing the instrument between pointings 
the sun. The recording and averaging times the nearest sec 
Table not necessary and misleading. 

the instructions for the field work there should clear statement 
that observations for azimuth should not made the sun except when 
favorably situated the heavens. can shown that the effects, 
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the azimuth obtained, errors the assumed values the latitude and 
the declination, are least when the sun the prime vertical—that is, due 
east and west. However, for the present purpose, would suffice limit 


observations those periods when the sun more than off the meridian, 


that is, mornings before 9:00 M., and afternoons after 3:00 
always having regard the possible incidence summer (daylight 
ing) time and any large variation between the local civil time and the true 
sun time the place observation. 

The engineer will require some indication the accuracy requisite the 
‘value the latitude the place observation, which instructed 
obtain from “an accurate map.” map may accurate, but the scale 
may too small for some purposes. differentiation the fundamental 
equation relating the azimuth the observed and assumed quantities can 
shown that: 


Assuming that azimuth observations will made this method only 
when the sun more than off the meridian, and that the paper 
addressed engineers working the United States between limits lati- 
tude of, say, 49° and 30° can easily computed that for 60”, 
has mean value about 45”. There will other sources error 
the computation, although possibly operating balance each other. 
ever, allowing, say, one-third the error this source (say, 15” the 
latitude, which about 1500 the ground) map not less than 0.5 in. 

unfortunate that the author has chosen example solved long 
ago 1910, and has included the text statement which was true for that 
year, and indeed until 1924. The American Ephemeris, common with 
the ephemerides other countries such the British “Nautical Almanac”, 
now gives the elements the sun’s position, such the declination, for 
each day “for hours Greenwich Civil Time which hours before Green- 
wich Mean Noon same date.” mean hourly variation declination 
longer tabulated, but finite differences between each the daily values 
are given. stands present the text would cause much confusion 
engineer, uninstructed these matters, who was attempting apply 
the method. 

With regard possible extension Table the proposed range 
values the vertical angle and the latitude, not stated. Table 
altitude low 21° given. This might open ques 
tion account the magnitude the refraction correction involved. 
lower limit 25° suggested. intended compute the table for 
latitudes north the United States, the unsuitability the method very 
high latitudes will doubtless borne mind. 


12> Correction for Transactions: Table Column (20), for (A), 
42.1 42.7. 
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Until the limits latitude for which the table computed are 
known, not possible comment finally its form, but even for the 
part the table printed, there doubt its suitability. The writer 
has compared the methods computation the worked example, and the 
azimuth obtained appears differ 45” from that given Table 
Taking the author’s standard accuracy, probable error 1’”, dis- 
crepancy 45” arising solely from the method interpolation from the 
table too great acceptable when there are other sources error all 
operating effect the final accuracy the determination, such errors 
the assumed latitude the place, sun’s declination, and the observed 
angles. 

Examination the part the table available shows that the method 
linear interpolation first differences becomes still more inadequate the 
values altitude and latitude increase. The worked example taken from 
the most favorable part the table. stands could, course, 
made serve its purpose interpolation second differences resorted 
to; but that scarcely likely appeal the engineer the field, and 
indeed direct computation formula adapted logarithmic working 
would almost rapid. the form the table retained with 
interpolation direct first differences, then does appear that the intervals 
both altitude and latitude may have broken down 30’, 
perhaps 20’, for the higher values. 


this paper can solved mechanically the solar compass solar 
attachment the transit when the apparent altitude and declination 
the sun ere employed instead their true values, used the method 
direct observation. There are means which the correction for direct 
refraction altitude can made the use the solar attachment. com- 
pensating correction must made which can applied the declination 
are the solar attachment. 

The declination correction applied angle normal the plane the 
equator, whereas the direct refraction applied angle normal 
the horizon the place observation. Consequently, the declination cor- 
rection for refraction increment angle system polar co-ordi- 
nates corresponding increment angle another system polar 
co-ordinates, the two systems which are coincident the vertical plane 
passing through the pole one, and the zenith the other system the place 
observation. Therefore, the refraction correction for declination mathe- 
matically comparable with the direct refraction for altitude. 

This relation polar co-ordinates has made possible solve this prob- 
lem mechanically the use the solar attachment and the same solution 
may made mathematically from direct observation the sun. 

The table for corrections applied the true declination order 
determine the apparent declination the sun for the hour and latitude the 


Associate Engr., Eng. Dept., Jacksonville, Fla. 
the Secretary October 22, 1936. 
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place always accompanies the solar ephemeris. either case, whether 
the solution the spherical triangle made from the true from the 
apparent altitude the sun, the declination given the ephemeris for 
noon Greenwich must corrected for the hourly change from Green- 
wich noon the time observation. The apparent declination then 
obtained the addition subtraction the refraction correction for 
declination corresponding the time and latitude the place observation. 
When the apparent declination used, these two corrections for hourly 
change and refraction are the only ones required, correction being neces- 
sary for the observed altitude the sun. 

the writer’s experience this problem can solved most satisfactorily 
the use table logarithmic and natural trigonometric functions, 
together with solar ephemeris (furnished gratis the instrument manufac- 
turers), and map from which the longitude and latitude the place can 
determined. the tables logarithmic functions the cosines and tangents 
the latitudes occur the same page and the same line and also the same 
functions, for the vertical angles, which greatly facilitates the selection the 
values functions. Examples the solution the formula based upon 
the true and apparent altitude and declination follow. 

2.—Solution based upon apparent altitude and declination 
the sun: 


Date: April 30, 1936. 

Place: Latitude, 40° North; longitude, 105° West. 

Declination sun, Greenwich, noon, 14° 48.3’. 

Hourly change, 0.76’ (declination increasing). 

Time observation: 9:00 (local mean time). 

Altitude sun’s center, 48° 31’ correction applied 
observed altitude.) 


Apparent declination sun time observation: 


Longitude, 105° West, 15° per from Greenwich, noon, 
place observation, noon. 
Time observation, 9:00 M., before noon place 


observation. 
Declination, Greenwich, 14° 48’ 18” 


Declination time observation........ 14° 51’ 20” 
Refraction for third hour (from noon), 


14° 52’ 00” 


Apparent declination for time and place... 
Solution: 
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Logarithms: 


COS 9.884254 tan 
9.860382 tan h.......... 9.977630 


sin 9.409207 


log.. 9.664571 
Natural functions (corresponding foregoing logarithms) 


(+) 0.461924 (—) 0.796971 
(—) 0.796971 


based upon true altitude and declination the 
sun: 


Observed altitude, sun’s 43° 31’ 30” 
Correction for refraction and earth’s parallax, 


Sun’s true declination for time observation 
Solution: 


40°; 48° 26”; and, 14° 51’ 20” 
Logarithms: 


cos 9.860510 tan 


Co-log............ 10.255236 
sin 9.408890 


Natural functions (corresponding foregoing logarithms) 
(+) 0.461451 


(—) 0.796475 


The difference the two results, 14” arc, deemed negligible 
view the interpolation the values the tables functions for seconds 


arc and the tabulated difference refraction for the two systems polar 
co-ordinates. 


is 
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The signs the declination for north and for south) become impor- 
tant when the direction the sun close the east west point from 
the point observation. the result, cos the direction the sun 
referred the north point, and when this case, the 
direction referred the south point. 

noted that the cos tan and sin can taken constants 
for several observations taken within min without appreciable error 
the results. This provides ample time make several observations 
which only the altitude and azimuth the sun will change materially. The 
arrangement the solution lends itself several computations simply 
supplying the changed values cos and tan Consequently, the solution 
thus expedited. 

Field Operations.—The travel the sun’s disk when viewed through the 
telescope the solar attachment parallel with the two horizontal cross-hairs 
and when the sun’s disk brought between these parallel cross-hairs the 
lower tangent screw the transit, the transit telescope points the true 
north south, provided, course, that the proper latitude and apparent 
declination have been used. this position will some time before the 
sun’s disk can detected move above below the horizontal cross-hairs 
the solar telescope, which due only the sun’s change declination. 
This allows plenty time make setting the cross-hairs the 
solar telescope the limbs. the sun, and, hence, precise pointing 
the transit telescope the true meridian. When the proper declination 
once set off for the time and latitude the place, one single observation 
sufficient determine the meridian. 

direct solar observation the sun does not travel parallel with either 
the horizontal the vertical cross-hairs the telescope, but diagonal 
direction across the field vision. the usual method pointing the tele- 
scope for forenoon observations, the vertical and horizontal cross-hairs are 
brought simultaneously contact with the right and upper limbs the sun, 
recording the vertical and azimuth angles; then reversing the telescope and 
setting the cross-hairs contact with the left and lower limbs the sun 
and recording the vertical and azimuth angles. For afternoon observations, the 
lower and right, and upper and left, limbs are observed and recorded 
the same way. The means the vertical and azimuth angles for each pair 
observations are taken the apparent altitude and true azimuth the 
sun’s center for the mean time the two observations. 

evident that such observations cannot made with the ease and pre- 
cision attained the setting with the solar attachment. The results obtained 
direct observation are never uniform, satisfactory, trustworthy 
those obtained with the solar attachment, unless the case two more 
direct solar observations. One single determination from direct observation 
searcely trustworthy. 

The results direct observation are easier, quicker, more uniform, and 
more satisfactory when the observation made upon the center and tangent 
the lower limb the sun bisecting, with the vertical cross-hair, small 
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segment the sun just before contact the horizontal cross-hair with the 
lower limb the sun. the vertical angle thus obtained the sun’s mean 
semi-diameter added, 16’ arc, obtain the altitude the sun’s center. 
The greatest variation the sun’s mean semi-diameter 18” arc, and may 
neglected unless greater precision required. The horizontal angle the 
azimuth the sun, and correction necessary. Five observations 
are usually taken alternatively direct and reverse positions the transit. 
Each observation treated independently. least two observations are used 
determine the azimuth. When these agree within less than are the 
mean the two results accepted. not, one more the remaining 
observations are used for azimuth determinations. Seldom more than two 
three determinations are necessary obtain the desired result. The 
apparent declination determined for the mean time all the observations 
and used constant for all the observations, that for each independent 
determination azimuth the sun there are three constant values that must 
taken once only from the tables trigonometric functions, namely, cos 
tan and sin 

this procedure one erratic result occasionally may obtained the 
azimuth determination which will evidence error either the solution 
the observation and may corrected discarded. The error thus dis- 
covered confined one single observation, whereas the use the 
mean two observations, the error reduced one-half and, usually not 
discoverable. 

the use these expedients and the arrangement for the solution 
the formula for azimuth, set observationes and computations may 
made the field with little delay, and the only tables required are the regular 
trigonometric tables which are familiar all engineers and surveyors. Addi- 
tional tables seem scarcely necessary and not materially simplify the 
solution the formula for azimuth. 

The factor, the natural number corresponding the co-logarithm 
cos cos natural functions are used, the reciprocal cos 
cos which, for either case, the correction for refraction and parallax has 
been applied 

The factor the natural number corresponding tan tan also 
which the correction for refraction and parallax has been applied but 
the apparent altitude the sun used there correction applied 
and all the correction for refraction and parallax applied only once 
one value the declination, which may used for several azimuth determi- 
nations, provided not more than min are consumed making the 
observations. 

not the writer’s purpose criticize discourage any such worthy 
purpose effort simplify the solution the azimuth formula. only 
call attention the fact that the apparent altitude the sun may used 
the azimuth formula, and doing the refraction correction 
referred and applied the declination, once and for all, for single set 
several observations, and that the solution the formula made easily 


, 
, 
) 
| 
f 


1668 JOHNSON TRUE BEARINGS LINE Discussions 


and quickly simple arrangement and use logarithmic function already 
familiar the engineer and the surveyor. 

The writer unaware the use the apparent altitude and declination 
having been suggested heretofore, used, the determination the true 
meridian direct solar observation. has only been suggested him 
the fact that the use solar transit the solution this formula accom- 
plished mechanically. would seem that the mathematical solution has been 
overlooked. 

has always been somewhat mystery why the solar attachment has 
not come into more general use. The attitude seems that its use 
derogatory the dignity the engineer, admission lack scien- 
technique and ability, and that the transit and its use the acme 
perfection. Except for those who are continuously employed public land 
surveys, the expense the solar attachment seems burden. Its occasional 
use does not justify the expense. Many are not fully convinced its accuracy 
and dependability. Its adjustments are thought difficult and can made 
satisfactorily only the instrument makers. Furthermore, adds weight 
and makes the transit unbalanced, otherwise interferes with the routine 
work the transit. All these objections are largely imaginary, and very 
little experience its use will dissipate such objections. 


posed this paper has been studied carefully ascertain whether does, 
fact, afford saving the number steps ordinarily required the use 
trigonometric tables. The saving, any, not great made 
appear the author. 

seems better state frankly that there are so-called “short-cuts” 
making direct observations the sun for azimuth, the reduction 
steps the trigonometric process, reliable results are secured. 
“reliable” meant the ascertainment results that can verified within the 
limits the accuracy the instrument used for the observation; this should 
less than 1’, and with care may kept within 15”. Observations and 
results should such may verified others occasion arises, thus 
rem ving elements doubt approximation. 

This paper not satisfactory substitute for the explanations the 
subject which may found textbooks surveying, and several official 
publications. unfortunate create the impression that the textbook 
treatment the subject has been made difficult; the method has been brought 
into use, and the number examples offered are designed clear all 
questions doubt the engineer will make fair attempt grasp the sev- 
eral steps and make few practice observations. 

The use the tabulations the paper does not dispense with the need 
for tables natural sines and cosines, and not believed that their use 
materially lessens the time required resolve the formula the usual way. 


Superv. Surveys, Dept. the Interior, Denver, Colo. 
Received the Secretary October 23, 1936. 
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the other hand, felt that the method adds materially the uncer- 
tainties the results case one more errors making the observa- 
tions, other discrepancies. 


First Second First Second 
Factor* diff Factort difference, difference, 


0.31932 
0.33497 
0.35087 
0.36702 
0.38347 
0.40020 
0.41724 
0.43461 


Values Factor from Column (3), Table Values Factor from Column (3), Table 


(1) (2) (3) (4) (5) (6) (7) 
0.52723 
2 060 941 
54871 0.54664 
165 993 
57036 
276 051 
59312 0.58708 
392 113 
0.60821 
176 


Values Factor for vertical angle, =35°, Table Values Factor for vertical 


examination, believed that the interval Table altogether 
too great, demonstrated Tables and Assuming that all these values 
have been carefully verified and are available indicated, with interval 
latitude and vertical angle, will noted that considerable 
number pages similar Table will required order provide for 
latitudes. ranging from about 65°, and similar Table for vertical 
angles ranging from about degrees. The third variable, that the 


Correction for Transactions: Column (3) Table change Factor for 


egrees 
(1) (2) (3) (4) (5) (6) (7) 
0.28866 
927 522 
980 544 
565 
590 
615 
645 
27 28 
673 
704 
737 
772 
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sun’s declination, well the final result azimuth angle are provided 
for the use tables natural and cosines. 

The method direct observation the sun for azimuth regarded 
high favor engineers, and has been used extensively for many years. Reli- 
ance upon compass meridians for all classes public land surveys was dis- 
continued 1890. Federal surveying and mapping agencies have stressed 
the importance exact methods long that seems out place suggest 
practice that has the value approximation only. 

improvement for the tabulation values Factors and 
the method favored, make the intervals the latitude and 
vertical angles not greater than 10’, but this extends the tables such 
length that doubtful whether would worth while that much 
trouble. The tabular will increase more rapidly the higher 
latitudes, and the vertical angles become greater, the results then become 
correspondingly more uncertain. 

The example given the author does not derive the value the nearest 
even 1’, the bearing the line trigonometric reduction 
(not 00’ 48” ascertained the use the factors, and B). 

The trigonometric steps are not many, will seen from the following: 


Observed vertical 25° 25’ 30” 


Sun’s declination, 02’ 16” 


log 8.257958 


log 9.891149 
log 9.955871 9.847020 


log .... 8.410938 
(Sun, south declination) nat (—) 0.02576 


log tanh...... 9.676423 


nat (—)...... 0.38296 0.38296 


Sun’s azimuth, nat cos, 0.40872 


Mr. Inch, with double increments for altitude and latitude, 
Table quite ingenious and should prove welcome field engineers who 


Received the Secretary, November 1936. 
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occasion determine azimuths lines, since shortens the necessary 
computation considerably. One operation also eliminated completely 
having the factors the table corrected for refraction altitude. 

There are several points which might prove confusing, however, 
any one who had not used this formula one evolved from it. For many 
years Equation (1) and formulas evolved from have been used field engi- 
neers and the technical press with all the variables represented letters 
the English alphabet; but most textbooks and handbooks, with few excep- 
tions, Greek letters have been used for some the variables. The formula 
appears less formidable stated follows: 

sin 


which the angle between the sun and the local meridian; the true 
declination the sun; the altitude the sun corrected for refraction; 
and the latitude the observer. 


Factor For 25° and 38° 1.3999 
Correction 25.5’ 1.9 
Correction 53.5’ 3.3 177 

cos cos 
Factor For 25° and 0.3638 
Correction 53.5’ 2.2 118 
cos 

65° 

Bearing 81° 


The writer wishes present plea for using for declination and for 
latitude, believing that some confusion will thereby eliminated. and 
are the initials the words, declination and latitude, they would not 
likely cause the uncertainty what they represent would the Greek 

the readings the vertical angles usually cannot taken closer than 
the nearest minute with ordinary transit, refining any the com- 
putations point closer than 0.5’ arc, farther than four decimal 
places the computations, not justified, the results within the required 
limits will obtained without these refinements. For the same reason, the 
time not needed seconds, the nearest 15’ 20’ the correct time will 
define the declination the sun sufficiently close. 

Table the computation made from the values used for Example 
the paper, arranged for convenient placing the page standard field 
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notebook, and carried only the limits suggested herein. The results are 
within less than 0.5’ arc the values calculated seconds are with 
five-place computations. This believed sufficiently close, authori- 
ties are apparently agreed that the accuracy the results this method 
limited one-half the least reading the horizontal vertical arc, 
making the observation, and the author writes “allowing probable error 1’.” 
but the azimuth has been computed seconds. 


this method improve the accuracy true bearing determinations, now 
largely dependent upon the compass needle. Many county surveyors and 
others who have not been fortunate enough receive the necssary mathe- 
matical training avoid direct readings the sun because the complicated 
appearance the formulas. This has been somewhat remedied the 
various solar attachments that can added the transit, but which are too 
expensive for only occasional use. 

The formula (Equation (1)) from which the author’s tables (illustrated 
part Table have been derived does not lend itself rapid mathe- 
matical solution, particularly when logarithms are used. Therefore, the 
tables are faster use and can used any surveyor who not familiar 
with logarithms. The tan* formula lends itself solution use 
logarithms about the same time the tables, unless computing machine 
used making the cumbersome multiplications. 

Some surveyors are always somewhat uncertain how apply the 
refraction correction altitude observations and for them the tables suggested 
the author are boon. 

comparing the tables against the formulas, the accuracy seems 
within that claimed and certainly considerably better than can gained 
with compass. Mr. Inch commended highly for his efforts. 


Received the Secretary November 16, 1936. 
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AMERICAN SOCIETY CIVIL ENGINEERS 
Founded November 1852 


SOCIETY AFFAIRS 


ANNUAL REPORT THE BOARD DIRECTION 
FOR THE YEAR ENDING DECEMBER 31, 1935 


compliance with the Constitution the Board Direction presents its 
Report for the year ending December 31, 1935. 


THE EIGHTY-THIRD YEAR 
Re-Employment 


Unquestionably the most important event the year just closed the 
marked increase re-employment civil engineers. But few are now with- 
out employment although many are yet misplaced with respect their 
particular qualifications. Salaries are better although still below those 
formerly paid. organizations which have remained operative throughout 
the depression period those engineers who were retained are now receiving 
pay more nearly that pre-depression days. Those engaged the new 
temporary organizations, particularly the Federal Government, however, 
are receiving pay materially lower than that which they formerly received 
their previous connections. Great numbers civil engineers are directly 
indirectly employed connection with the enlarged public works programs 
sponsored the Federal Government. what extent this situation will 
continue problematical. However, the call for civil engineers relation 
private industry has begun. 

Re-employment reflected Society statistics. More members have 
paid dues promptly. Applications for admission and reinstatement during 
the past year were 76% those the maximum year, 1927, and 45% greater 
than those the minimum year, 1933. Thus appears that the Society has 
been satisfactory the membership and that the several special efforts made 
its officers and other representatives toward re-employment have received 
recognition within the profession. 


New Policies and Procedures 


Several new policies procedures, effective 1935, merit special mention. 
First, perhaps, the continuation the Committee Aims and Activi- 
ties and the acceptance its report. This Committee consists 
members the Board Direction and non-members selected for their 
relation the membership all parts the country. Their studies and find- 
ings expressed their first report set forth certain new procedures and 
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indicated phases the Society’s work which earned further and detailed 
study. One such was the question how bring about, the Local Sections, 
increased local response and activity. This has been under active analysis 
and study throughout the year. 

One recommendation the Committee resulted the addition the 
staff Field Secretary. Beginning his work March has traveled 
approximately 000 miles, visited the 112 Student Chapters, the 
Local Sections, and attended group meetings Student Chapters, Local 
Sections Engineering Societies. Through him and others the staff, all 
but Local Sections and Student Chapters have been made more familiar 
during the past year with the Society’s work. His primary function this first 
year, however, has been study the problems the Local Sections determine 
possible where and how they can made more effective behalf the mem- 
bers the Society and the profession. the other hand has afforded 
them assistance regard their approach registration engineers, 
preservation rectification local civil service conditions, and related salary 
problems. 

Another recommendation the Aims and Activities Committee was that 
the Society take aggressively, where appropriate do, the defense 
members unjustly accused dismissed without proper hearing. The method 
procedure had sooner been worked out than case point arose which 
was most thoroughly investigated and followed through fully satisfactory 
vindication two members. 

The Aims and Activities Committee also recommended the resumption 
Section Conferences the first which was held the time the 
Birmingham Meeting. These conferences permit not only round-table 
discussion Local Section problems but also intimate discussion 
the Society’s policies, financial affairs, and detailed procedures. Thus 
afforded wider comprehension the ramifications the Society’s many 
activities all types and characteristics and the Board Direction’s 
problem their correlation. 

fourth new procedure, which after all was but extension general 
procedure which has been followed throughout the depression, was the estab- 
lishment nation-wide group “employment correspondents”. since 
acceptance, some four years ago, the thought that the Society should make 
its facilities medium for the re-employment civil engineers, special efforts 
the part the officers, permanent and temporary committees, and Local 
Sections have been directed this end. this year became evident 
that many supervisory positions requiring the type ability possessed 
especially civil engineers would become available. order that prompt 
information prospective positions that character might disseminated 
throughout the nation there was formed, through the medium the Local 
Sections, this national group members charged with understanding the 
conditions local unemployment civil engineers throughout the country 
and with readiness respond calls for any type supervisory technical 
service that might needed. The most recent call has been for supervisory 
staffs engineers carry local control surveys wherein the simpler 
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operations are performed the so-called “white collar” unemployed 
under the Works Progress Administration. This and other projects varying 
nature, inquiries disclose, have resulted least the temporary re-employ- 
ment practically every civil engineer the country. 


Membership 


There are recorded again most gratifying facts regard mem- 
bership the Total membership the close the year was 
15069. This not the greatest number members the Society has enjoyed 
but near it. has come about through recognition the profession 
the value the Society its members and the profession, coupled, course, 
with renewed ability pay the dues. One other circumstance permits the 
record membership stand, has stood throughout the recent trying 
years, such uniformly high figure. action the Board those loyal 
members, who have long contributed the support the Society but who 
recently, reason unemployment impaired income, have been unable 
continue their financial support, have had certain their dues remitted. 
order this was course necessary curtail certain former 
activities, lower the salaries the staff, decrease somewhat the publi- 
cations and research activities, and effect other economies. these 
means that the Society organization has been maintained intact. Close 
3000 individual members contribute annually their efforts—on research, 
administrative, professional committees, meetings, the publications, 
the Local Sections, re-employment problems, representatives other 
Societies, joint activities. The organization has been held intact, 
functioning. The Board Direction has adhered the principle that the 
Society’s real value its “assets men—not money”. With the return 
employment this year, however, the necessity for these curtailments has 
decreased and many Society activities have been resumed and new ones 
undertaken. The necessity for remission dues seems passing and 
shortly the Society should able widen and accelerate its programs and 
service more than ever before. 


Publications 

word about the Society’s publications order. Publications this 
past year have consisted issues Proceedings, issues Civil Engi- 
neering, volume Transactions, new Manual, 102 individual memoirs, 
reprints 149 different articles papers, and special issues reports. 
Special attention has been given this year making Civil Engineering 
more informative the Society’s policies, procedures, and its many efforts; 
other words, tell the members more specifically and greater detail 
what the Society doing their behalf. None the less the net cost these 
publications has been about $4000 less than any preceding year since 
Civil Engineering was inaugurated. The sale these publications, par- 
ticularly Proceedings and Transactions, other than members the Society, 
yielding income more than $11000, attests the approval which 
accorded the Society’s publications even throughout the 
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Financial 
The Society good financial condition. does not owe debts any 
kind. The effective continuance normal functions, although rate 
somewhat less intense, has been made possible the receipt dues 
larger quantity, the entrance new members the reinstatement former 
members, and the receipt income from earlier reserves judiciously invested. 
This evidence the interest the Society taken the 
profession and the wise financial policy followed for many years. 

set budget providing for the greatest possible continuance 
normal procedures and for the development new activities, even though 
annual deficits were expected, has been the practice the Board Direction 
for the past six years. the year just closed the budgeted expenditures 
exceeded anticipated income, but the increase new members and the 
increased ability former members renew the payment their dues, 
made possible turn into small surplus the anticipated deficit. 


MEETINGS THE BOARD DIRECTION 
There have been five meetings the Board Direction during 1935: 


January 1935, New York, 
January 17, 1935, New York, 
April 3-4, 1935, Coral Gables, Fla. 
July 1-2, 1935, Los Angeles, Calif. 
14-15, 1935, Birmingham, Ala. 
There have been six meetings the Executive Committee: 
January 16, 1935, New York, 
January 17, New York, 
April 1935, Coral Gables, Fla. 
June 1935, Los Angeles, Calif. 
October 13, 1935, Birmingham Ala. 
December 16, 1935, New York, 


MEMBERSHIP 
The changes membership are shown the following table: 


Jan. 1935 Jan. 1936 


Resignation 


Reinstatement 
Loss 
Gain 

Increase 


| | | | |] |] —_] |__| | — 


104 Juniors dropped account age limit. 
Decrease. 


111 Associate Members. 


165 Juniors. 
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New and Net Increase 


The following table shows the new members and the net increase during the 


past ten years. The diagram page gives membership statistics for 
the same period: 


1926 1927 1928 1929 1931 1932 1933 1934 
New Members*.. 1072 1139 1244 1066 1055 753 534 923 
Net Increase.... 721 755 820 508 574 46§ 291§ 159 


Includes reinstatements. 
Decrease. 


Applications for Membership 


The total number applications for membership was 361, which 034 
were for admission, including for re-admission, and 222 for transfer, 


The number applications received during the past ten years follows: 


For transfer....... 304 274 271 338 224 192 172 222 


EMPLOYMENT SERVICE 


The Employment Service has offices New York, Y., 
and San Francisco, Calif. 


The number men placed during 1935 has averaged about per 


month. The following table shows the registrations and placements the 
three offices: 


Men 
Month 
San San 
235 774 659 668 708 283 219 210 


1935 
1 040 
321 
361 
| 
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February, 1936 


Past-Presidents (2): 
Charles Frederick Loweth 
Francis Lee Stuart 


Honorary Members (1): 
Gustav Lindenthal 


Members 
William Augustin Aiken 
William Valorus Alford 
Charles Kyes Allen 
William Goodson Ames 
Charles Enoch Angilly, Jr. 
William Wallace Atterbury 
Almon Byron Atwater 
Edward Vahan Baron 
Herbert Howard Bassett 
George Meade Bond 
Alfred Victor Bouillon 
Robert Dunn Budd 
Arthur Dudley Buzby 
William Stoddert Caruthers 
James Alanson Childs 
Ernest Wilder Clarke 
Eugene Hunter Coleman 
Ruel Keith Compton 
Robert Fulton Cowles 
Francis Elihu Crane 
John Francis Cushing 
Godfrey Pearson Farley 
Frank William Flittner 
Weston Earle Fuller 
Felder Furlow 
Harry Carter Gardner 
Martin Gay 
Henry Holbrook Gladding 
William Beck Goddard, Jr. 
Xanthus Henry Goodnough 
William Charles Gotshall 
Frederick Passmore Gutelius 
Caspar Wistar Haines 
John Venable Hanna 
Morris Hansford 
Alfred Lamar Hartridge 
John George Heinz 
David Christiaan Henny 
Burt Bradley Hodgman 
Robert Wright Hornsby 
George Leonard Hosmer 
Laurence Hussey 
Edward Sherman Jackson 
Guy Robert Johnston 
Edward Clarence Jordan 
Irving Patterson Kane 
Julian Way Kendrick 
George Bertram Betham 

Kershaw 
Soren Theodor Munch Bull 

Kielland 
Ernest Avery Lamb 
John Francis LeBaron 
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DEATHS 


The losses death during the year number 164, and are follows: 


William 
Lemen 


Caswell Smith 


Walker Lum 


Charles Albert McKenney 
Archibald McLean 

John Gilmore McMillan 
Herbert Augusta Maine 
Marshall Morris 

William Mulholland 
Edward Towler Murchison 
James Cornelius Murphy 
John William Musham 


Edmund Trowbridge Dana 
Myers, Jr. 


Arthur O’Brien 

Irwin Selden Osborn 
Henry Isaac Oser 

John Elden Palmer 

Harry Berkeley Parsons 
Charles Napier Perry 
Eugene Everett Pettee 
Augustus Lyon Phillips 
Dwight Porter 

William Bancroft Potter 
Francis Everett Pratt 
James Ritchie 

Stephen Allan Roake 
James Wingate Rollins, Jr. 
William Henry Rosecrans 
Theodore Rosenberg 
Charles Schultze Sample 
Harry Linden Shaner 
Frank Cummings Shepherd 


Thomas Shackelford Shep- 
perd 


William Luther Sibert 
Eugene Adalbert Silagi 
Clifford Stanley Sims 
William Augustus Smith 
Earl Eugene Sperry 
Charles Henry Stein 
Oscar Van Pelt Stout 
Charles Frederick Swigert 
Fenwick Milford Thebo 
William John Thomas 
Sam Tomlinson 

James Hubert Van Wagenen 
Charles Voetsch 

Isaac Spurr Voorhees 
Edward Wegmann 

Paul Willis 

Charles Alfred Wilson 
Henry Felix Wilson 
Jackson Franklin Witt 
Hans Hermann Wolff 
Robert Owen Wynne-Roberts 
George Stevenson Yates 
Samuel Humphreys Yonge 


Associate Members (45): 
George Marshall Ames 


George 
tage 
Frank Karr Ashworth 
August John Baritell 
Alfred Pancoast Boller 
James Alphonsus Boyle 
Theron McCabe Brown 
George Butler 
Levi Oscar Coleman 
Henry Leo Connell 
Ernest Harry Cornelius 
William Driscoll 
Harry Foster Ferguson 
James Blaine Ford 
Eugene Cornelius Hanavan 
Francis Vincent Harney 
Ralph Daniel Hayes 
John Brewster Hodgdon 
Charles Jay Hogue 
Henry Llewellyn Jones 
Walter Richard Ketels 
Edward Louis Koch 
Franklin Edward Leland 
Harry Clifford McClure 
Oscar William Melin 
Frederick William Mills 
Robert Farley Morris 
Robert Orrell Morrison 
Hersey Munroe 
Joseph Ambrose Murphy 
Horace Winter Nutting 
Alexander Orr 
Guy Poling 
William Thomas Reed 
Harry Ashton Roberts 
William Marcus Rosewater 
William White Rousseau 
William Dwight Sample 
Gordon Earle Sissons 
Edward King Smith 
Frederick Frank Stager 
Ralph Penny Thompson 
Asahel Clark Toll 
Daniel Ulrich 
Ralph Waldo Yardley 


Washington Armi- 


Juniors (5): 
Edward Lawrence Bader, Jr. 
William Estey Boden 
Harold Ray Hurtgen 
Carl Stopp 
Standish Weston 


Affiliates (3): 
Kyosaburo Futami 
Robert Whitman Lesley 
Adolph Lietz 


Fellows (2): 
Alfred Watts Kiddle 
Henry Coddington Meyer 
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ENGINEERING SOCIETIES LIBRARY 


The statistics which follow, give comparative figures for 1934 and 1935 
the Engineering Societies Library: 


1934 1935 
Additions: (Jan. 30) 


(by purchase) 996 2821 2305 


Total additions ...... 576 439 
Permanent collection 145 620 147 492 
Expenditures for books, periodicals, bind- 
ing, supplies, and salaries (approximate) $40 002 $31 358 
The Library was used 789 289 
Including personal visits by..... 928 399 
Volumes catalogued 821 305 
Cards added 327 760 
Total catalog cards, arranged under subject 479 435 487 462 
Number persons securing photo- 
Members borrowing 127 114 


PUBLICATIONS 


The publications the Society for 1935 include one volume 
actions (Volume 100), ten numbers Proceedings, twelve numbers 
Engineering, Year Book, one Manual, and (“Recommendations 
for Determining Fees Allowed for Professional Engineering 
and “Mapping for National 

100 the regular yearly issue Transactions and 
includes the papers and discussions from November, 1933, through September, 
1934. The volume also contains the Annual Address President Arthur 
Tuttle, the Final Report the Special Committee Concrete and Reinforced 
Concrete Arches, and Memoirs Deceased Members, none which was pub- 
lished Proceedings. The paper bound copies Volume 100 were issued 
Part the October, 1935, Proceedings. 


7 
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Proceedings.—Progress Reports the Special Committee Flood Pro- 
tection Data, and the Committee the Structural Division Masonry 
and Reinforced Concrete were published the March, 1935 Proceedings; 
the Third Report the Committee the Sanitary Engineering Division 
Water Supply Engineering appeared the April number, and Progress 
Report the Committee the Irrigation Division the Conservation 
Water was published the December number. The Annual Report the 
Board Direction was also published the February, 1935, Proceedings. 
addition, there were published 1935 papers, together with 
the discussions thereon, well number discussions papers published 
1933 and 1934, total 264 discussions. Subject and Author Indexes 
for the year were included the December number. 

Members and others who took part the preparation these papers, 
reports, and the discussions, thereon, totaled 335. 

Civil numbers Civil Engineering were issued for 
the year, two which, the March and April numbers, contained the abstracts 
papers and reports committees delivered before the Annual Meeting of, 
the Society January, 1935; another, the September number, contained the 
abstracts from the Los Angeles Convention held July, 1935, and fourth, 
the December number, contained similar abstracts from the Birmingham Fall 
Meeting October, 1935. The remaining eight were regular numbers. 
Including the abstracts and committee reports 139 articles all were pub- 
lished during the year. addition these, brief articles appeared under 
the heading, “Engineers’ Noteboook”, and 104 discussions articles and 
comments from readers were published the department headed “Our Readers 
Say”. Concerning “Society Affairs”, 247 separate items were printed; three 
complete programs the meetings the Society held during the year; and 
“Items Interest” not specifically relating activities the Society. 
Also were included reports 180 Local Section meetings, and reports 
from Student Chapters their activities. Previews papers appear 
Proceedings were published; together with 120 reviews books recently 
donated the Library; and about 1200 brief items indexing selected articles 
they appeared month month the technical periodical literature. 
During the year 250 changes addresses employment members were 
recorded; notices concerning the availability 323 engineers for employ- 
ment appeared; and the December number obituary notices members 
recently deceased and complete index the contents the twelve numbers 
Volume were published. 

Memoirs.—The publication Memoirs Deceased Members Proceedings 
was discontinued October, 1930, which time pamphlet form memoir 
was adopted, with final publication Transactions. Approximately 600 
have been issucd pamphlet form, all which have been included 
Transactions, Vol. Vol. (1932); Vol. (1933); Vol. 
(1934); and Vol. 100 (1935) 
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Stock Publications—The stock the various publications the 
Society kept hand for the convenience members and others, now amounts 
204 115 copies, the cost which the Society for paper and press work only 
has been $29944.38, which allowing for depreciation and obsolescence 


carried the books the Society valuation $11 977.76. 


Cost table (see page 11) shows the cost per page 
and illustrations Proceedings and Transactions for the past seventeen years 
(since and including 1919), and Civil Engineering for the past six years. 

Topics Discussed various topics developed 
actions, Proceedings, and Civil Engineering during the year, and the number 


pages devoted each, are follows: 


Subject Transactions, Proceedings, 
pages pages 
City, State and National 


Drainage and Irrigation. 
Education........... 
Engineering 
Engines and 


Highway Engineering. 
Hydrology, 
Marine 
Mathematics............ 
Memoirs....... 


Real Property 
Refrigeration Terminals. 
Refuse 
Safety Methods. 
Sanitation..... 
Sewage Disposal 
Society Affairs...... 
Structural Engineering 
Water 
Water Power... 
Water 
Waterways.... 
Water-Works........... 
Application for Admission Transfer. 
Letters Editor 
Items 
Local Sections...... 
Student Chapters 
Current Periodical 
Men and Positions 
Changes Membership 


Civil 
Engineering, 
pages. 
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Summary Publications for 1935 


Average Total 
Issues edition pages Cuts 


Proceedings (monthly numbers)........... 1616 584 


Civil Engineering (monthly numbers)...... 1102 983 

Transactions Vol. 18230 1844 560 
Separate (“Mapping for National 3000 
Separate (“Fees for Engineering 17000 


The gross cost publications, determined the bills actually paid 
during the year, has been: 


Technical Publications Salaries Editorial $115 200.44 
General Publications ....... 525.89 


READING ROOM THE SOCIETY 
The attendance the Reading Room during the year was 076. 
Two hundred and fifty-seven periodicals are regularly received. Included 
this number are many foreign periodicals, also number maga- 
zines and several daily newspapers. 


MEETINGS 

Five meetings sessions were held during the year, follows: 
the Annual Meeting, New York, Y., session); the Annual Con- 
vention Los Angeles, Calif., sessions); the Fall Meeting Birm- 
ingham Ala., sessions); and regular meetings held Engineering 
Societies Building, New York, 

these meetings there were presented three papers, one Symposium, four 
Reports Committees the Society, and three Addresses. 

The total attendance the meetings the Society during the year was 
approximately 3060. The registered attendance the Annual Meeting was 
the Annual Convention, 798; and the Fall Meeting, 401. 

The dates the meetings the Society during the year, together with the 
titles the Papers, Symposium, Reports, Addresses, etc., presented thereat 
were follows: 

January 16, (One Session): Reports Committees Concrete and 
Reinforced Concrete Earths and Flood Protection 
and Hydraulic Research.* 

March 18, 1985 (One Session): Business Meeting the Society. 

July 1985 (Two Sessions): “The Development the American Society 
Civil Engineers”, Address Arthur Tuttle, President, Am. 
“The Romance the Ranchos California”, Address Palmer Conner, 


Civil March, 1935, 

Transactions, E., Vol. 100 (1935), 1407. 


q 


ner, 


Esq.; and the following papers: “Physiography the Los Angeles Metro- 
politan Area”, Sonderegger, Am. Soc. E.; “Engineering Con- 
tributions the Development California”, Lippincott, Am. Soc. 
and “Engineering Outlook for Southern California”, Raymond 
Goudey, Am. Soc. 

October 16, 1985 (One Session): Business Meeting the Society. 

October 16, 1985 (Two Sessions): “Part Played the Engineer the 
Development Alabama and the South”, Address Dr. Lee and 
Symposium “The Past and Future Development the 


MEDALS, PRIZES, AND AWARDS 

The award Medals and Prizes for the year ending July, 1935, was 
follows: 

The Normal Medal the late David Christiaan Henny, Am. Soc. E., 
for his paper entitled “Stability Straight Concrete Gravity Dams.” 

The James Croes Medal Larned and Merrill, Members, 
Am. Soe. E., for their paper entitled “Actual Deflections and Temperatures 
Trial-Load Arch Dam.” 

The Thomas Fitch Rowland Prize Kirkbride, Am. Soc. E., 
for his paper entitled “The Martinez-Benicia Bridge.” 

The James Laurie Prize Wilson Ballard, Am. Soc. E., for his 
paper entitled “Three-Span Continuous-Truss Railroad Bridge, Cincinnati, 
Ohio.” 

The Arthur Wellington Prize Hawley Simpson, Am. Soc. E., 
for his paper entitled “Use and Capacity City Streets.” 

The Collingwood Prize for Juniors Maxwell Stanley, Jun. Am. Soc. 
E., for his paper entitled “Study Stilling-Basin Design.” 

The Rudolph Hering Medal the Sanitary Engineering Division John 
Gregory, Orris Bonney, Robert Allton and the late Robert Simpson, 
Members, Am. Soc. E., for their paper entitled “Intercepting Storm Sewers 
and Stand-By Tanks Columbus, Ohio.” 


LOCAL SECTIONS 
The number Local Sections, 57, unchanged since last year, Sec- 
tion having been organized disbanded during 1935. 


TECHNICAL DIVISIONS 

All but one the Technical Divisions the Society held sessions during 
the year, either the Annual Meeting New York, Y., January; 
the Annual Convention, Los Angeles, Calif., July; the Fall Meet- 
ing, Birmingham, Ala., October. these meetings seven were double 
sessions which two were held jointly with similar Divisions this, and 
other Societies, the Annual Meeting. 

The meetings the Divisions were marked good attendance and interest 
and excellent group technical papers. 


Engineering, September, 1935, 540. 
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City Planning 


January 17, (Two Sessions): “Milwaukee County Park and Parkway 
Development, Depression William Cavanaugh, Assoc. 
Am. Soc. E.; “Must Planning the Shelf During Depression”? 
Russell Black, Am. Soc. E.; “City Planning Surveys and Research 
Am. Soc. E.; “City Planning and the Problem the Slums”, 
Maurice Deutsch, Esq.; “The Real Property Inventory—A New Tool for the 
City Howard Whipple Green, Am. Soc. E.; “The Develop- 
ment the Art Traffic Engineering”, Sidney Williams, Am. 
E.; and General Discussion: “The Relation Local, Regional, County, 
and City Planning Agencies State Planning” Jacob Crane, Jr., Arthur 
Comey, George Herrold, Harold Lewis, and Torkelson, Mem- 

July (One Session): “Objectives and Progress State Planning 
with Special Emphasis Upon the California State Planning Board”, 
Deming Tilton, Esq.; and “Use Plans and Planning Programming 
Emergency Public Work”, William Fox, Assoc. Am. 


0) 


Construction 


January 16, 1985 (One Session) (Joint Session with Highway Division): 
“Highway Design and Travel Speeds”, Lawton, Esq.; “Relation 
Uniform Traffic Code Highway Safety”, Barber, Am. Soc. 
E.; “Separation Ways”, Robert Ford, Am. Soc. E.; and 
“Safer Highways”, Joseph Darcy, 

July 1985 (One Session): “Morris Dam”, Verne Peugh, Assoc. 
Am. Soc. E.; “Aqueduct Tunnels”, Burkholder, Am. 
E.; and “Large Siphons Under High Heads”, Whitman, Assoc. 

October 17, (Two Sessions): “Low-Cost Highway Construction 
Tennessee”, Frank Webster, Am. Soc. E.; “Low-Cost Road Con- 
struction and Stabilization Bases”, Hogentogler, Assoc. Am. 
E.; “Construction Methods the Lake Okeechobee Drainage Project, 
Florida”, Earl Brown, Am. Soc. E.; and “Construction Methods 
Norris Dam”, Ross White, Am. Soc. 


Thos as 


Highway 
July 1985 (One Session): “Observance Traffic Control Devices and 
Regulations”, William Eliot, 3d, Esq. 


Engineering, March, April, and September, 1935. 
cit., September, 1935. 
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Irrigation Division’ 

July 1985 (Two Sessions) “Variations Run-Off Western Streams”, 
Water Conduits—from the Viewpoint Capacity and Flow Conditions”, 
Fred Am. Soc. E.; “Selection Material for Construction 


Power 


January 16, 1985 (Two Sessions) (Jvint Session with the Hydraulics 
Division the American Society Mechanical Engineers): 
Velocity Tube”, Falkner, Jun. Am. Soc. E.; “Pitot Tube Prac- 
Edward Cole, Am. E.; “Comparative Measurements 
E., and Hooper, Esq.; “Engineering Design Features Norris Dam 
and Power House”, Barton Jones, Am. Soc. E.; “Engineering 
Design Features Wheeler Dam and Power House”, Wilfred Hall, 
Am. E.; and “The Regulation the Tennessee River”, Jarnes 

July 1985 Session): “Recent Advance Steam Power Plant 
Design”, Thomas Eyre, Esq.; and Modern Diesel Engine Generating 
Plant”, Howard McCurdy, Assoc. Am. Soc. 


Sanitary Engineering 

January 17, 1985 (Two Sessions): “Sanitary Engineering Experiences 
the Operation Large Industrial Enterprise”, Clinton Decker, 
Am. Soc. E.; “Status Sewage Disposal for New York City, with 
Special Reference New Projects”, Richard Gould, Am. 
E.; Report the Committee Filtering Materials: Sand for Water 
Filters, Stanley, Chairman; Report Committee Water Supply 
Engineering, Wiggin, Chairman; “Pre-Treatment Sewage for Grease 
and Oil Removal”, Harrison Eddy, Jr., Am. Soc. E.; “Principles 
Spray Drying, with Special Reference Sewage Sludge”, 
Riley, Esq.; and “The Chemical Treatment Sewage: Its Present Status 
and Possibilities”, Linn Enslow, Assoc. Am. 

July 1985 (One Session): “Improvements Chlorination Los 
Angeles”, Ray Derby, Assoc. Am. Soc. E.; “Sludge Disposal and 
Odor Control the Pasadena Activated Sludge Treatment Plant”, Harvey 
Hincks, Am. Soc. E., Hedrick, Esq., and William Allen, 
Esq.; and “The City Oakland’s Experience the Disposal Refuse 
Sea”, Walter Frickstad, Am. Soc. 

October 17, 1985 (One Session): “Experiments Sewage Treatment 
“Malaria Control Work Alabama and the Tennessee Valley”, 
Stromquist, Am. Soc. E.; and “Chemical Precipitation Sewage”, 


Engineering, September, 1935. 
cit., April and September, 1935. 
cit., March, April, September, and December, 1935. 


ir 
n- 
0c. 
oc. 
oc. 
oc. 
on- 
act, 
ods 


ANNUAL REPORT THE BOARD DIRECTION Affairs 


Structural 


January 17, (Two “Common Sense Structural 
(1) “From the Academic Viewpoint”, Hardy Cross, Am. 
(2) “From tue Viewpoint the Bridge Glenn Woodruff, 
Am. Soc. E.; and (3) “From the Viewpoint the Building Designer”, 
Albert Smith, Am. Soc. E.; Final Report the Committee 
Concrete and Reinforced Concrete Arches, Clyde Morris, Am. Soc. 
E., Progress Report the Committee Masonry and Rein- 
forced Hale Sutherland, Am. Soc. E., and “The 
Pressure Concrete Forms”, Harrison Roby, Am. Soc. 

October 17, 1985 (One Session): “Design Features the Mississippi 
River Bridges”, Harry Engel, Jun. Am. Soc. E.; “Unique Features 
Design Connection with the Construction Fifteen Toll Bridges 
Alabama”, Houk, Am. Soc. E.; and “Bessemer High School 


Surveying and Mapping 


January 16, 1985 (One “National Planning Compels National 
Mapping”, Frederick McDonald, Am. Soc. E.; and “Proposed 
Systems State Surveying and Mapping Information Bureaus”, 

October 17, 1985 (Two Sessions): “Surveying and Mapping the Ten- 
nessee Valley”, Sayford, Am. Soc. E.; “Permanent Value 
for Highway Surveys Through Geodetic Control”, Carpenter, Am. 
E.; “Local Control Surveys the Coast and Geodetic Survey 
Alabama”, Callan, Am. Soc. E.; and “Locating the 
Southern Natural Gas Pipe Line Aerial Maps”, McKay, 


Waterways Division’ 


January 16, (One Session): “The Recent and Proposed Improve- 
ments the Cape Cod Canal”, Harwood, Esq.”; and Increased 
Activities Marine Wood Borers the New England Coast”, the late 

July 1985 (One Session): “Development Los Angeles Harbor”, 
Gerald FitzGerald, Assoc. Am. Soc. E.; and “The Salt Water Barrier 
Below Confluence Sacramento and San Joaquin Floods, 
Salt Water Intrusion, and Navigation”, Edward Hyatt, Am. 

Civil Engineering, March, April, and December, 1935. 

Transactions, Am. Soc. Vol. 100 (1935), 1427. 

Proceedings, Am. Soc. E., March, 1935, 341. 

Engineering, March, April, and September, 1935. 


Loc. cit., March, and September, 1935. 
Proceedings, Am. Soc. October, 1935, 1171. 
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MEMBERSHIP TECHNICAL DIVISIONS 


Construction ...... 729 
Engineering-Economics and Finance..... 577 


STUDENT CHAPTERS 


There are present 112 Student Chapters. The following were organized 
during 1935: 
Utah State Agricultural College 
Dartmouth College 
Brown University 


The reports the Secretary and Treasurer are appended. 
order the Board Direction, 


Secretary. 


January 13, 1936. 
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BALANCE SHEET 
ASSETS 
banks and hand.. $29 714.78 
Marketable securities, cost and ac- 1936 
interest ($36032.09 market 
quotations and accrued 817.82 
Accounts 
950.13 
Less, allowance for doubtful accounts. 000.00 950.13 
Inventory publications hand, cost 
less reserve for 977.76 
811.22 
Due from The Freeman 
Real Estate: 
Interest real estate and other assets 
United Engineering Trustees, Inc., ex- 
trust funds, book amount 496 948.48 
218-220 West 57th Street, New York, 
Y., book amount, less reserve 
592 798.24 089 746.72 
Furniture and office less reserve 
(at book Spe 
Fund Investments: 
The Fifty-seventh Street Property Fund: 
Marketable securities, cost 
($88 138.44 market quotations).. 147.99 


The Freeman Fund: 
Marketable securities, book amounts 
Less, amount due general fund. 185.83 786.14 
Waldo Smith Fund: 
Marketable securities, par value 859.38 


Merritt Haviland Smith Memorial 
Rudolph Hering Medal Fund: 
Assets applicable unexpended balances income: 


438 


American Civi ENGINEERS: 


therein, and subject the reasonableness the amounts which real estate 
condition the Society that date. 


New York, January 1936. 
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ANNUAL REPORT THE BOARD DIRECTION 
DECEMBER 31, 1935 


AND 


payable 014.82 
membership dues paid advance.... 002.56 
member and non-member 104.31 $47 121.69 


852.50 
342.55 195.05 


fund surplus, including amount arising from 


revaluation real estate 196 156.48 283 473.22 


The Fifty-seventh Street Fund 106 700.63 
Merritt Haviland Smith 259.35 


Rudolph Hering Medal 498.48 


Balances Income: 


Committee Stresses Railroad Track........... 60.28 
Freeman Fund income and expenses 581.80 
Special Committee Earths and Foundations 
City Planning Division... 

Surveying and Mapping Division 

Alfred Noble Fund, not released. 

Waldo Smith Fund income expense. 


149 244.60 


103.36 


438 821.18 


31, and, upon the basis carrying securities the amounts stated 
are included our opinion the above balance sheet sets forth the financial 


Ross Bros. Montcomery, 


Accountants and Auditors. 


library and compounded dues fund 
Noble 


ANNUAL REPORT THE BOARD DIRECTION Affairs 

REPORT SECRETARY FOR THE 

GENTLEMEN :—I have the honor present statement Receipts and 


There also appended general Balance Sheet showing the condition the 


Current Dues 


Binding for Members 
Badges 

Certificates Membership 
Annual Meeting 

Interest Investments 
Postage 

Advertising 

Miscellaneous 


Income from 57th Street Property: 
Credited General Receipts 
Credited 57th Street Property Fund 


Society Investments: 
Sale Securities 
Accrued Interest 
The 57th Street Property Fund: 
Sale Securities 
Interest Securities 


The Freeman Fund: 


The Alfred Noble Fund: 
Interest not Released Funds 
The Waldo Smith Fund: 
Interest 
City Planning Division: 
Interest 
Power Division: 
Interest 
The Rudolph Hering Medal Fund: 
Interest 
The Merritt Smith Memorial Fund: 


$44 290.57 
$14 965.00 
166 476.58 


500.00 


127.02 


122.98 
418.82 


2.42 


13.94 
11.67 


29.46 402 498.67 
$446 789.24 


$46 000 
242 
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YEAR ENDING DECEMBER 31, 1935 


Disbursements for the fiscal year the Society, ending December 31, 1935. 


Secretary. 


Furniture and Office 064.36 
American Standards 500.00 
American Engineering 000.00 
Society Investments: 

The 57th Street Property Fund: 


The Freeman Fund: 


The Rudolph Hering Medal 
$400 704.69 


$446 789.24 
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Society Funds Chase National Bank 23d Street. $21 030.30 
Society Funds Chase National Bank 41st Street. 500.00 
Society Funds Railroad Cooperative Bank...... 62.21 
Petty Cash (in Hands Secretary).............. 000.00 
Surveying and Mapping 
Special Committee Stresses Railroad Track.............. 
Special Committee Earths and Foundations................ 
Special Committee Concrete and Reinforced Concrete Arches 
The Freeman Fund: 


Income and Expense 189.22 
The Alfred Noble Fund: 
The Merritt Smith Memorial Fund: 
Income and Expense 
The Rudolph Hering Medal Fund: 
Income and Expense 87.06 


$26 592.51 


213.72 
367.64 
578.85 
90.00 
60.28 
402.46 
525.12 


632.07 


55.00 


229.89 


543.03 
$44 290.57 


Society Funds Chase National Bank 23d Street.. $24 150.15 


Society Funds Chase National Bank 41st Street.. 500.00 
Society Funds Railroad Cooperative Bank...... 64.63 
Petty Cash (in Hands Secretary).............. 000.00 
Surveying and Mapping 
Special Committee Stresses Railroad Track.............. 
Special Committee Earths and Foundations................ 
The Freeman Fund: 

Income and Expense 561.70 
The Alfred Noble Fund: 

The Merritt Smith Memorial Fund: 

Income and Expense Account..... 182.85 
The Rudolph Hering Medal Fund: 

Income and Expense 42.51 


The Waldo Smith Fund: 
Income and Expense 


$29 714.78 


608.89 
424.28 
592.79 
90.00 
659.81 


561.70 


259.35 


498 


$46 084.55 
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REPORT THE TREASURER THE AMERICAN SOCIETY CIVIL 
ENGINEERS FOR THE YEAR ENDING DECEMBER 31, 1935 


compliance with the provisions the Constitution, have the honor 


present the following report: 


From current sources, January December 31, 
Rent from 57th Street Property.................. 500.00 


Payment Bills audited vouchers, January 
Cash hand December 31, 084.55 


$44 290.57 


402 498.67 


$446 789.24 $446 789.24 


Respectfully submitted, 
Hovey, 


Treasurer. 
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books, and well supplied ‘with writing tables. 
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